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REMARKS 

Applicants' representatives thank Examiner Davis and Primary Examiner Ungar for 
the interview of July 15, 2005. The amendments and remarks herein are made in accordance 
with oar interview. Claims 44 and 56 are amended to delet* the phrase Vk a chimeric antibody". 
Upon entry of the present amendments, claims 41-64 wil« be pending. No new matter has 
been added. 

Deposit Requirement 

The Examiner has maintained the request for an affidavit or declaration regarding the 
deposit. See, Paper No. 20050510, page 2. While applicants submit that the statement made 
in the response sent March 2, 2005 fully satisfies the ro t uircnients under the 37 C.F.R §§ 
1.803-1,809, in accordance with the Examiner's request, the following declaration is 
respectfully submitted: 

Availability of the D* posit 

Human Genome Sciences, Inc., the asagnee of the present 
application, has deposited biological material under the terms of the 
Budapest Treaty on the International Rccognaion of the Deposit of 
Micro-organisms for the Purposes of Patent Procedure with the 
following International Depository Authority: American Type Culture 
Collection (ATCC), 10801 University Boulev.ird, Manassas, Virginia 
20110-2209 (present address). The deposit w.ts made on October 11, 
1994, accepted by the ATCC, and given AT CC Accession Number 
75913. In accordance with M.P.E.P. § 2410.0 1 and 37 C.F.R. § 1-808, 
assurance is hereby given that all restrictions i.n the availability to the 
public of ATCC Accession Number 7591 3 will be irrevocably 
removed upon the grant of a patent based on the instant application, 
except as permitted under 37 CF.R. § 1.808(1))- The assignee of the 
present application will replace the deposiied biological material 
should the deposited material be destroyed or rendered non-viable. 

In view of the above affirmation and explanation, attested to by the signature (below) 
of the Attorney for the Applicants, it is respectfully requested that the rejection of claim 53 
under 35 U.S.C. § 1 12, first paragraph, be withdrawn. 

Rejection of Claims 44 and 56 unOer 35 U.S.C. §112, set end paragraph 

The Examiner has maintained the rejection of cl.ums 44 and 56 under 35 U.S.C. § 
112, second paragraph as allegedly being indefinite for me use of the language "a chimeric 
antibody". See y Paper No. 20050510, page 3. Applicant have amended claims 44 and 56 to 
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remove the objected language. Accordingly this rejection has been obviated and should be 
withdrawn. 

Rejection of Claims 42-64 under 35 U.S.C. § 112, first pawuraph 

The Examiner has maintained the rejection of claims 41-64, under 35 U.S.C § 112, 
first paragraph, for lack of enablement. See, Paper Ho. 20050510, pages 3-8, More 
specifically, the Examiner alleges that "it is not predictable that one could use the claimed 
polypeptide for detecting metastasized prostate cells, because it is unpredictable that 
metastasized prostate cells still express the claimed sequence". Sec id. 

Applicants respectfully disagree and traverse. 

Preliminarily, Applicants point out thai the pending claims are directed to methods of 
detecting prostatic specific reductase (PSR) protein using i'SR specific antibodies and thus do 
not require the PSR proteins to have a particular recited ui >lity. Accordingly, in order to fully 
enable the claimed methods as required by 35 J.S-C. § 112, the proteins detected according 
to the claimed methods need only have a single use (e.g., >ts an enzymatic reductase), and the 
specification need only enable a person of ordinary skili in the an to practice the claimed 
methods without undue experimentation. 1 

Applicants submit that the enzymatic reductase a-tivity of PSR protein is a specific, 
substantial and credible use. Additionally, one of ordina.y skill in the art, when armed with 
the disclosure of the specification, would require no ro^re than routine experimentation to 
practice the claimed methods. Therefore, Applicants assert that the claimed methods are 
fully enabled irrespective of, for example, the expression profile of PSR protein in normal 
and metastasized prostate tissue. 

The specification discloses that PSR protein has enzymatic activity as a reductase. 
See, e.g.. last sentence in paragraph 2. The reductase activity of the PSR protein, first 
identified by Applicants and disclosed in the instant application, is corroborated by the post- 
fihng disclosures of Lin et a/.. (Cancer Research 6l:1611-1618 (200l) 7 submitted as 
Reference AR in Applicants* Information Disclosure Sutement of December 19, 2001 and 
resubmitted herewith as Exhibit A) and Kedishvili el al , {Journal Biological Chemistry 
277(32):28909-289l5 (2002); attached herewith as Exhilit B). As noted in Applicants' reply 

1 Applicants need to show utility for only one disclosed purpo: e. See ftaythcon Co. v. Roper Corp,, 
220 USPQ 592 (Fed. Cir. 1983, cert denied, 469 U.S. 835 (lb34); F.x parte Lanham , 121 USPQ 223 
(Pat Off. Bd. App. 1958). 
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sent March 2 7 2005, the PSR protein disclosed in the pj.;sent application and the PSDR1 
protein disclosed in Lin et ah, share greater than 98% seqaence identity (see e.g., alignment 
submitted in Applicants 7 reply sent March 2, 2005, and rt submitted herewith as Exhibit C). 
As can be seen in Figure 2 of Lin ei al. (page 1615) and in the alignment provided in Exhibit 
C, PSR and PSDRl both contain the conserved sequence segments (i.e., GlyXXXGlyXGly 
and TyrXXXLys), which are present in members of the short-chain dehydrogenase/reductase 
enzyme family. See Figure 2 legend of Lin et al. fi r conserved sequence segments. 
Furthermore, the minor sequence differences between PSK and PSDRl do not appear to be at 
positions conserved amongst the portions of the proteins aligned in Figure 2 of Lin et al 
Accordingly, Lin et al, support the proposition that 1'SR and PSDRl have the same 
enzymatic activity, despite having minor sequence differences. 

As further support, Kedishvili et aL demonstrate ifcat PSDRl has reductase activity 
(See, e.g., abstract). Thus, the publications of Lm et al and Kedishvili ex al corroborate that 
PSR has enzymatic activity as a reductase. 

Applicants respectfully submit that the en2yma»ic reductase activity of PSR is 
specific, substantial, and credible. Moreover, the skilled artisan, enlightened by the teaching 
of the present specification and the high level of skill in the art, would be more than capable 
of routinely making and using an antibody that specifically binds the PSR protein to routinely 
practice the claimed methods of detecting PSR protein. 

Furthermore, Applicants reemphasi2e that the relt vant legal inquiry with respect to 
enablement of the pending claims is not whether the antibodies used according to the claimed 
methods would bind and therefore detect variant PSR proteins, but rather whether the 
claimed methods involving use of antibodies that specific illy bind the polypeptides of S£Q 
ID NO:2 or ATCC Deposit No. 75913 to detect PSR in a biological sample can be confirmed, 
without undue experimentation, by following procedures t ither described in the specification 
or otherwise known in the art. For the reasons stated ibove, Applicants submit that the 
claimed methods are fully enabled. 

In summary, Applicants submit that due to: (1) th< availability of routine methods in 
the art for generating antibodies; (2) the availability of routine methods for detecting the 
presence of PSR protein; (3) the teachings in the specificai ion and the corroborating evidence 
that PSR is an enzymatic reductase; and (4) the high level of skill in the field of immunology 
and molecular biology, one skilled in the an could routinely generate antibodies and then use 
these antibodies to detect PSR protein and thus satisfy the limitations recited in the claims- 
Application No.: 10/021,002 7 Docket No.: PF150D2 
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In light of the above remarks, it is clear that the specification as originally filed fully 
enables the claimed methods. Accordingly, Applicants rei pectfully request thai the rejection 
of claims 41-64 7 under 35 U.S.C- § 112, first paragraph, for lack of enablement, be 
reconsidered and withdrawn. 



Applicants respectfully request that the above rema.ks be made of record in the file 
history of the instant application. Applicants respectfully submit that the present application 
is now in condition for allowance. A Notice of Allowance is earnestly solicited. If, in the 
opinion of the Examiner, a telephone conference would expedite prosecution, the undersigned 
can be reached at the telephone number indicated below. 

No fee is believed to be due in connection with this filing, however if applicants are in 
error, please charge any fee deemed necessary to Deposit Account No. 08-3425. 

Dated: September 23, 2005 Respectfully submitted, 



CONCLUSION 
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Prostate Short-Chain Dehydrogenase Reductase 1 (PSDR1): A New Member of the 
Short-Chain Steroid Dehydrogenase/Reductase Family Highly Expressed in 
Normal and Neoplastic Prostate Epithelium 3 

Biaoyang Lin, James T- White, Caroari Ferguson, Shunyou Wang, Ri.Drrt Vessella, Roger Isurogarner, 
Lawrence D. True,* Leruy Hood, 0 and Peter S. Nelson 2 
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ABSTRACT 

Genes regulated by androgenic Dorrnoncs aire of critic-*! imporwnce for 
r&t normal phy*io|ogic*J func\*on of iJic Human proaiaTc gland, und Ihcj 
comnburc Id Hie dtvelopnitiiT and pruyrts»#on of prcttaTe caruuom*. VY* 
Bird cDNA mirrOarrayi eunipriSed of pruSUte-dc rived cPNaj to profile 
(rcnferuits rcguiared &y androgen* in prostate cancer cejjs. This ^rudy 
identified » novel gene rbbi Wc nave designated prolate &norr-<:n«»in 
dehydrogenize/ rcdutUiM: ] IPSDJil), dial cihiblt* fncreii>e4 e*pre«iuw on 
oposurt co andruyons m xnc LNCaP prostate causer cull ILnu. Norm em 
*n*lysjs dcnjQnhTTiiictJ xnar PSDR} b> n> b »nry cxprc»*cd m the pru»j»tc 
pl»ad reurivc ru or Her normal human ri&auea. The PSDR I cDNa -md 
puMtivc prulein exhibit honuriugy to the family uf »b»rt-vUaiH dehjdro- 
grnwefreducia** eruyuio and tnu» identify » nen entmner of thu family 
Cloning and analysis of ibr putative PSDXJ promoter rvjuon identified a 
potential aqdrc^cn-rpiponic rfcment- We used a radwtwm-hypnd pancj to 
map me PSDR J gene 10 cnroEnobomc 23-243. in sim iiybrifluanon 
localise* PSDX2 cvprctAwn to normal *nd neoplastic pro****: cpiTtxeliam. 
Tone retfyllv idrntify « n«^ gene invulvcd m rtic xndrogen repepfor- 
regnl4lcd K^rte numorK of Ole Dm nun prw^ie in&i m«y pUy » roh? in tht 
paTbo^eneMS Of prostate CarcinwriA- 



INTRODUCTION 

prostate adenocarcinoma is responsible for more Than 39,Out) deains 
aiuiuai)y T ^e Dinted Sraies CirciLlaTang androgens and the 
mtraceJliil&r AR 3 are critical mediators of prostate cancer growth and 
[he progression 10 lemal disease. LandinarK o^scoveries »y riuggins 
and Hodges in 1941 (2) dcmonsirarcd rial most prostate cancers are 
initially anOrogen-depeiidttU, a finding that initialed the era of effec- 
tive endocrine-tfciSdd therapy for this mJigrmncy. To date, iurgicd) or 
chcrmcal ciytrauon rematn> the m&insrtay of therapy for advanced 
prostate cancer A reduction m scrum testosterone leads to marked 
tumor regression through & mechanism of programmed ceil death (3). 
Although responses to this therapy may last for years, the approach is 
rarely curative because surviving cancer cell* lose their dependency 
on exogenous testosterone over time and are capable of proliferating 
m the absence of delectable- scrum androgens 

Jn addmon to a role m drivmg cellular proliferation, an iin3ct 
androgen signaling system may also be associated wiin Tumor sup- 



Rcecj red 0/7/ LXj, accepted J2/3MXJ 

Trc co>ia of pnMiC4iiaQ of iht» anicie wen? Ocfraycd m pan Dy Jh= payiiiem of pa^c 
etarso Thi» aiucic n^i Ui=Mbm &c Dciti>> mirfccd uJm-Xxfme-it a accordance ^nli 
1 8 b S.C Section 1734 solely io mOicate jus fan 

• SuppOTTcd in pan b> Or Cdl»CUKf fourtjibojt. Oj Cr>m CA75|73-OJ Al frwr* Uw 
.Nauc^dJ Cjiiu^r L^uiuic ^tri )(u)P S m j. *na &y 5»n* ftom xfte SeanJe Fownoanoii and 
me Lazar Founcution 

* Tu wnom reqtfCtfS feu ivururu ono«iio be aooxraicQ. #i im. X>ivo»un of nunui 
D.uiQfy. f ied noichaisun Cancer Ri^uvti Loiilt, M-otanp tH-|0u. 1 lyo F^rv t -w 
av«imc >^onn. Sc*«c, v.^, T > tfW j; yt>io^-iW4. E-<n*jl piirL»«n<4xhoc urg 

J The joorcyaiuuns syd in.- AK. undrogm nxepor, PSA, prv>Ufe*»pccif«. «ni«£en ( 
a}c£. *naro l5 ca nr 4 purta*; ejermem, DhT. 04»>an»e><o«woiiC, EST. v*prc»«t>4 wyaCnCf 
Caf. ilMiST. OM .i ha^ of fc'STs. CS-rCS. AvCval-MnppcJ hCS; PKt. pzOccSlw-nmc 
mtpOnStvc dtfttnt: HSD. by>truxjsxcxi*& Ozby&osnu^. KaCE, r^pws »npl»f>c^H£) *»f 
cUNa cnos SDK. shor.-cluua ocnyaogauac reooctwe, PSDR;. puauit: SVk i, n*. 
Dtcn«n BtmOHlA- uiliKrem 
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prosion (-.) Thi^ dual rule of androgens ^ould not be unexpected, 
because ai drogens arc responsible for dirferentiaiioa of tne prostate 
epithelium and for the regulation of spcofic cpitheh&i cell functions 
5uch as Hi expression of PSA (5, 6) Several androgcn-iet^lated 
genes hav. been o^monstraied to be assocwicd w«b a proliferative 
shut-off n.qLttoa m i-NCni* cells nnd for ihe regulation of the cell 
cycle (7.8. At the tone of invasion or mcia.sias^, mutations in the AR 
may occu. (9), suggesting that a normal AR i> pjviecnvc from 
progressio.i Fuially, in Mro srudies indicate that there may be a 
survival advantage m maiuuumng an andro^cn-rcspoRbTve cohon of 
prostate n_.nox cells (|Q> This cunccfpi b«=cn ^icnd^d to ehnical 
medicine .a which several tnaK suggest « benefn for on approach 
using internment rather man continuous androgen suppression in 
p&uem col .arts with hormone-responsive disease (U, 12) 

Tne pi\oial role of androgens in the biology and trcutmcnt of 
prostate ci.acer has led to mtensive m vest<gaUons designed to identify 
the molecular medtators of androgen action (13, 14). Among me 
genes sbo* n to be regulated by androgens m prostate cells arc several 
that en cud . enzymes belonging to the two major lipogenic patliways- 
fatty acid ynthesis and cholesterol synthesis (i5, |6j Tl»e regulation 
of cholot- rol merabohsm by androgens is especially intn^umg be- 
cause cho.cstcrol 15 on essential precursoi for me biosynthesis of 
androgens Other molecules mvolved in androgen metabolism 
and andro cn action are themselves androgen regulated. For example, 
1 an enzyme that converts androstcnodione to testosterone, 
is ondrogc * regulated (1 8), as is the expression of the AR itself (7. 19) 
It appears hat multiple auiorcgulatory levels of androgen action may 
be operau e in androgcu-rcsponsive tissues 

Our ob.ective m dus study was to idenufy gene> mat exhibit 
rranscnpti 4ial regulauon by androgcn» in human prostate colls. Vve 
hypothcii. =d that such genes could be direct mediators of androgen 
action ana that the characterization of these genes and Uieir cognate 
proteins v ould provide insights into the mechanisms of androgen- 
oependein and androgen-iddependem cellular growth We used cE>N T A 
nucroaira* s comprised of cDN \s derived from human prostate tis- 
sues to tj.tanutaic wan scripts expressed m the androgen-sensinve 
LNCaP pi isuuc mmor cell line under conditions of androgen starva- 
tion or ai.drogen stimuiauon. Here we report the cDNA clomng, 
chromoso, ui mapping, gnomic srjuciure, and expression profile of 4 
novel gen. , PSDR J , thai exhibits homology to the family of SDR 
enzymes. PSDR] xs me first SDR shown 10 be predominantly ex- 
pressed in normal and neoplastic prostate tissue We hypotbeSi2e that 
FSDkJ m »y pjay a rote m steroid hormone metabolism m prostate 
cells and thus may be an ideal target for modul&nns hormone^ 
mediaied _ ro^tate cancer growth. 

WATER! VLS AND METHODS 

Mfcro^r.^jr FAt>nc«don. A noirredundoni ^el Of 1500 prONlcie-uenved 
cDNA clun s «v<re idenufisd Lrom me Pra»:ate F.A.prcssion r^tflPp^ (PEPB). 
a puMie Scj.4c?K=e repository of EST data derived tram human praauuc cQ\A 
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libraries (20). Individual clone inx=ri$ were amplified fry the PCR usip^ 2 
of bacterial TransforrrianT culture as template witfc primers &L-ml3F (5*- 
CTaaaaCCaCCCOCaCTCaaTTC-3'j ana BJ_Jul3R (5 -aCaCaC- 
CaaaCaCCTaTCaCCaTG-S- 35 described pieviousiy £n PCR produce* 
wsrs puntied Through SephacryJ S500 (Pharmacia), mixed I 1 with DM SO 
(Amend uwt;}, and spotted in duplicate onto copied type (V glass microscope 
sides (Anicrsnam) using a MoiccuUn Pyiwriic* Genii robaac spotting tool. 
After Spoiling the glass slides were air-dried and UV-ero&*-l inked with 500 
mJ of energy *uvj men baked ai 95"C tor 30 mm 

Pi ope Cvnfttmvtjun and Microarr*> fiybridnaTkm Total RNa was 
isolated from LNCaP cell* after ?2 hr> uf androgen depletion or *upple«icn- 
uiion uswih TRJiul iLifc Technologies) according to the nianufaciiirers 
directions nuoiescence-iabcjcd proper were nude from 3u tolsJ RNa m 
& reaction volume of 20 w.) containing 1 u-l of anchored oJigoslT primer 
(Amer>harn). 0 05 itim Cy3-dCTP or Cy5-dCTP {ArneTshum); 0.05 ihm dCTP; 
0 I rn*i each dGTp, OaTP. dTTP, and 200 unit* of Superscript If reverse 
iranscnptase (Life Technologies). Reactanis vere intubated at fur 120 
min fallowed by heaung 10 94°C for 3 mm. Unlabeled RSa wa> hydrolyacd 
Oy U>e addition of I »*J vf 5 n NaOH «nd healing w 37 V C fur )0 imfl Que p.| 
of 5 m HCl and 5 ^ of 1 m Tn&-HCl (pH 7.5) wa? added 10 OcuTraiuc ihc 
BaSc UninairporjietJ nucleotide and suits were removed by chrorrutfography 
(Qugenj, and Hi*: cDKa was cluted »n 30 ,*! of dH,0 One H g of dAVdT 12-1 8 
(Pnarmaeia) and 1 ^tj of human Coil PNA iLife Technologies) were adota 10 
The probe, lieai denatured at 9a *C for 5 rum, combined with an equal \oiume 
OT 2* microarray nyono»zauon solution (Arnersharoj. and prebybnduufd ai 
50 Q C for J n The miAiur^ tvfcb then placed onto a nucToarray *Jide with a 
coverslip and hybndiaed m 3 humid dumber a; >2°C fur 1 & hours The SUdcs 
were washed utice w«th 1a SSQ 0 2% SDS av room lempcracure for 5 mm. 
then twice wiih 0 lx SSC. SDS room xc mpe r«ur k - tor 10 mm. After 
washing, ibe itiOca were nibea in Oi>lilleO water to remove Traee SaJiS And 
dnod 

Lm*& Ac4)tiiSini0n and D*I* Analjvtft- Fluoresccftcc micrisitics of me 
immobilized wrgcrs were measured usmg a 4«scr confocag microscope (Mo- 
lecular Oynanwes) IrH«sjiy 0414 were intcgraiod m a pixel resoluqou of 10 
>wn uStfifi ^20 pyceis per spo;, and recorded ax 16 tou Quarmiajjve data were 
ObWineO won tne SpocFinoer V2fl program wnnet) at the Univer^Ty of 
Waslungton Local background byondlaaiion sigjiab were subtracted prior 10 
corap*nns «pvn intensities and determining e*prc*siofi r&dotf . F»r eaefi exper- 
iment. cavb vDNa w*$ nrpiocnled rwice On each slide, and tnc experiments 
were performed in duplicate producing four data pumis per cDNa clone per 
hybndizanon probe Inicn>*ry ratios for e a cn cDNa dune, fty&ndirnd whn 
propes derrved trom androgcn-btimuUted LNCaP and 4n0ru^n-»urvcd 
LNCaP, were caJcuLited tcnmuiaied intrrtbiry/sorvcd intensify) Ccne-eAjve^non 
Jeveia were «wrw4ucred ai^fieantljr different between the two con&Uvn* if all four 
of The rephcate ypou for a ^ en cDNA deinonsirated a rano >2 or <0 5, end tnc 
Signal intensity was ^TWtei man 2 SP above me image baeKgfbund 

Cell Culture and General Mtibuds. DNa numipulauoiis including trans- 
torrnatioo. ptasrrud pfeparauoa, gci elcctropnoresis, and probe labeling, were 
performed accoroUng to standard procedures (22 ) Tbe LNCaP prosute carci- 
noma cell line *js culoircd w RPMJ 1640 suppicroentcd *itn i0% FCS (Life 
Technologies, RocLvilic, MP) Cells were transferred into RPMJ 1640 wilti 
10% CS-FCS (Ufo Technologic*) 24 & before androgcn-rtgulaijOD CNperj- 
mcnts Thuf medium waa replaced with fresh CS-FCS media or CS-FCS 
supplemented wah I km synweuv androgen RlSSl (.MEN Life Se,ence Prod- 
y^-ta ine.). Cells were harvested for RNA »*ilet.u« at 0-h and 72 ^1 kmc pomts, 

NorTbem Anaiy»*v Ten Of total UNA were fracUOnatcd on 1 2V. 
agarose denaturing gels and transferred to nylon membranes by a capillary 
method (22) The h«m*n mwlupJc u»«c «jW nuMer bluta were uh*med from 
ClOntecit Blots were ftyondocd with DNa probe, labeled w ( tn fu-'^dCTP 
by raodoni priming using the Rcdipnme II random pruuer labeling aystern 
(Amcnliani) accord*n5 to 0*= manufacturer's protocol. Fillers ncre imaged ami 
4k*aulruucd by uiimj a phosphor-capture sciccn and Fmage-^usnr software 
(Molevuiar Pynanucs) 

cDNa Library Screening and RaCE. We »ereened 5,200.000 phage 
plaquey from a human prataic 5'otreleh cDMa library (Clontech) with The 
6A4 cDSa probe repreiienunj; the 3' end of the PSDRl cDNA Two sepanile 
roundi 01 horary bcrccnmg identified 1 6 parnal-Jen^m cD.Na clonea Scarchn» 
of dbEST idcnufiefl IMaCF cDNa clones |LMaCB aoocID. 36XWKJ. 
1DV237, 1 130518. 14U|7|B, 1337270. 1723130, 170^29) that cowamed Se- 
ll 



queocca hoii oJogous to PSDki All of :he clones were sequenced and assem- 
bled using; U tr Sequent; iter software (Ceoe Code^, Corp.). To tlon? the 5' end 
of the cP.N. . 5' -RaCE was performed on human prostaic Maraihun-Ready 
kDNa (CU ittsch) uimj; pnmerS 6a3_RC3 (5'^CCaCaCCaTTiTCCT- 
GaTTTGG* ,GC-3 ) and tA4-RC-t (5 -CaGAaGCAGGaGCAaCaGCGC- 
GaaC-3 ) . he RaCE products were ^uocionfid mvo ?CR2 1-TOPO <JnviiTo- 
gen) and ^^.aencca 

Phage pLques 0,200,000) from a human prostate 5'-STRETCH cPNA 
library (Cloi.icch) weTt hcreened wim PSDR} j: ?-cDWA probe* according w 
tne manure tier's inarucaons. £ievcn addmonjl cDNA clones were isolated, 
subclunod a. d sequenced RaCE reacuOn> w w tc perfwn;ed uainv the human 
prostate Ms athon-ready cDNa cloning (CJomcch) following the manu- 
fac rurer'i in iruction* Tern plaice fur RAC'F reaciioni» were prosute MuratnoD- 
rwdy cDN, (ClOnleeh) and androfeen-«im«lawd LNCaP eDNA prepared 
u^tng Marai rOn cPNa ampliation kit (ClontwA). Nested 5'-RaCP reac 
uons were j -Tformcd according to the manufacturer's insqucnons; first with 
printers 6a-,»IC4. 5'-C \GaAGGA0GaGCAaCaGCGGGaaC'3' and A?l 
iCjontecn) .nd me© a nested RACE reacnon wtm primers &A4RC3, 5 - 
GGACAGC \TTTTCCTClATTTCGGCC-3- and A?2 tQonteob) The RACE 
products w, tc suDcioned into PCR2 1-TOPO vectors wjin mc TOPO TA 
cjonmg Kit , uivitrogen) and sequenced 

Chroma jmal I_och!jzanun of PSDR I by Radiation Hybrid Panel Map- 
ping. The i 3 Gene bridge radiation hybnd punel ^Ke*ejrch Ge7>&tic&, rlunis- 
ville. AL) • a> u»ed 10 map I he vhrvmcoomal lo\^li^iion uf PSfOKJ wiun 
pnmen 6a <F (5*<jCQGCaTTTCCTTaCaTTGTCT7X>> ) and 6A4R (5 - 
CACTCCA .ACAAGTGATGGGAACAC-3 ) After 35 cycles of amplifica- 
tion, the rcziion proiiucu Acre separated on a 1 2Vu agarose gc|. and the 
resulting pr . duei pan em wa* anar>2ed through the Stanford ymome ccnler 
web server to determine the probable cbromosomaj location 

In Sou iJjbridiiairtu. For mRNA /n nybndizanon, recombinant 
pUtmid pC; Jl-TOPO (Invicrwgen). containing a 400-bp PSDRJ fniginent wj* 
lineanzcd i% generate sense and aiuiaense diuoxjgen in- labeled RNA prubea hi 
.v^4* hybndi a«on was performed acyording to the np*nufacturer'v protouol On 
the Vcntann Genii auionwited inWUnient (VenUna Medieal SyWeins, Tucson, 
AZ) Tissue secuons (5 ^m) were mounted onto Clwonia plus slides (VWR 
Scientific), jcpaiaflfiruzcd in a 65"C oven for 2 n fotlowcd by three 5-mm 
bOaks in xyl ne and rthydrated through graded alcohol wiib a finaJ rw&c m 2x 
SSC. Sefor. hybridiiation, sections were digested with, proteinase 1 cocktail 
for 12 nun at 37*C. men |Q ng of either aetisc ot an ti Sense probe m De 
hybnd>2awu., buffer was applied Prograrnnvd recipe f*lcs» eons^si^ng of buffer 
rinses, proi ase digestion, hybridization, detection, -did coumcr* tains were 
optimized i -r the PSDRl prube Digoxigcnin-ldbelcd RNA probe hcs added 
manually, f- ulidijio^igenin was woed a* the primary anubody. The probe wu 
denatured a 65*C # and hybridization was earned Out at 42*C for 360 mm. 
Washes wei performed ai 37*^ with 2 a, 1a, and 0 I a SSC The system uses 
a cuckLdjJ « f anurabbn and annrnuuac secondary IgG-bionnylaicd anubody 
with an indi eel bioun-dvaiin diamoit^bcnzidiru: ddccuun system The sections 
were oountt rscuncd with hcmaloayhn 

RESULT: 

Identifi urion of a Novel Androgea-regultiM cPNA, PSDJH, by 
?Vlicro<irr«y Expression An4lysis. Microamtys comprtscd of 
cDNa cU ics denveJ from prostate nssuci were hybridized wnh 
io»i cDN \ prober synThc^izcd from androgen- stimulated *»nd an- 
droficn-st, rved LNCaP prosusie cancer cells, four indtrpendeni 
d>» pom. . for each arrayed cDNA ^crc generated The hybnd- 
WLBUon r4i.os for 20 distinct cONAa were consisienily mcrcised by 
>2-fold I.. andrtiyen-aumuUHed relative 10 androgr:n-iiXarvcd cells- 
We did 1.01 observe any c0Nas wiin consistcni hybridi2auon 
ran os <0 >, a r^tjo mai would indicate down-regulaied expression 
The gene induced by androgens included hK2 (11). nK3. also 
Known a PSa i24). I (25). psostuie/PRSSj? (26). 

TMPRSS1 (13), PART-) (27), several tjenes involved t0 hpid 
xneiabohs.n, jnd several anonymous EST* The expression level of 



-hccoiet caress nop //sn^ Stanford ci. 
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the cDNA clone correspond:^ to one of these £STs. 6a*. in- 
creased 3-fold in androgen-st i niuiated LNCaP ceils relative u> 
androijcn-dcprivcd cells as assayed by raicroarray hybridization 
(pig. 1/1). Sequence com pm sons against the GeuBank and do£ST 
databases revealed homology only to uncharacterized pamal- 
kn£tn £STs (e.£ . AA-G57B51, IMaGE ID 1207405). Full-length 
cloning of the corresponding cDNA and subsequent nucleotide and 
4rnino acid sequence comparisons revealed significant homology 
lo conserved motifs of the SDR family of protein We have named 
this Bene PSDR) for Prostate Short-chain Dehydrogenase/Reduc- 
tase i. 



u wjTm rKU>.s\T£ CJ'iTrwUUM 

Cloning tfthe Full-Length PSDR] cDNA. We screened a human 
prosuic lI>Ha Ubrary with the 6a4 cDKA probe representing the 3' 
end of thi PSDR J cDNA mi6 identified 16 partial-lcmiin cDNA 
clones Sc.rchcs of the dbEST* inmatty (denufied seven IMAGE 
cDNA cUneS (IMAGE CjOnc ID 361MO0, 1Q9237, 1)30518, 
1 40171 8. .337270, J 723 130. I7UM9) liu? contained sequence ho- 
mologous ..i PSOJU To clone th= 5' end of the cDNa, S'-RaCE was 
performed >n cDMA from normal human prostate (Clonteeh) and the 
4_NCa? ce.: line. All of the clones were sequenced and subsequently 
assembled usmg the Sequenciurr software (Gene Codes, Corp) A 
toi&l of 25 9 bp were obtained, whjch corr^pond* to the 2 5-Vb band 



< < 



Ti& I A.i irprc&cniauvc fluurouray h}t>ndt/4Ti0n sccbon 
ibowiiy The ^naro^En^umuUtuQ «Apxc*ap of PSDKl 
vDNAi from androgen.*. in> w UTcti i i ▼ ) zna jmdroyen nsrvza 
H-) tNCiiP ctlJs were boetetf aoo ftyDr^Trt » cDNa 

JS*#TO*mj* Arrows OtS lnott.un 01 PSDRj cDNA Oii in* 
nttCIPamv Northern vulj^i uf Qic sarpc KNa* uaca til 
UK fntCTDJTTP-j' CtpcrtfTtuu nyprnau^d wilfl P*DrU. PS A. OJH3, 
C3PO« piODC*. LHC*P(SSh LNCaP CCW ol i»wJj JSUIC 
jjrn«n in acAuii vvvUVx*: iflJinonal *hQiu^cj»* mjuI h8i- 
m 7U% cujift**.-pCc C. NffUlcfti arrt|yfa5 dCQHil iSTCtlflg 
PSDK I cxpro^on m iftcr pro*cnc cinco- cell l&c* PNLjP. 
IXj h), PC3 grown »n 10% scrum {XS) or wuti jWibotwi 
Anqn^ui i-rA). ihrst itomuu prosiwc Tissue uruplK 1/vP), 
mire primary pro&L-Jc adenocarcinoma aanjplcs (CAP) ana 
KKtro^en-O^BTt&fiK tOfvtf);. Ail anamgnn-macpcnecm x*« 
nc^nfts A Nan hern ♦nalyw aema^TH^ wc 

Pi PR J expresses profUc m namiaj human ussu« £. a 
rnuttip^ yt»c qui bJcn tCiunicch) uenbuutn^i 50 hunun t»bSuc 
RNa» wj» n/Hneiccfl PSDPJ prude Si^t mtcna.Ui 

pnurinuycr bur gropi. xt&ixi imcn^ncb (ulcuUw) wun Jm- 
agjQtvuv program Hie M> human t(^uc& izc 4/. whale 
bfmix, 42, sTPy^WU, W3.Qiu«*«»: Ttvc\cm. 4*, arrctJCU OTT». 

cerebral cone*. Aft, frvnol looc, -17, Jxppocsmpw. /M. rn P - 
cjuiii obionjpaa St. occipuil lobe; Si. pMtbnM; hi. *Jb**n- 
L*a rugi»: tctupord lute: ^->. ttuiani^; aturunifr: ^7, 
bpaal Csjca. C/. hem, C_\ surla, CJ, skeletal aiu*cic, C4. 
colon. C5. oaaocx, C6. «t«u». C7. proiuic. Cs. >toin«cn, 
£>y. icsris. £>^. ovaT>. A3, pancrca*. />. p«auury gano, DS, 
^4rcnal ulmid. I>o. itk/roiO gU*d. D7. salivary gJatid. 1X9. 
nvwnmary fUod. £4. ^Oncy. £2. Uv^r, £J. stqa|I tt«k5uas. 
f <#. »plCCT, £5, Hiyrnu». £d. pcnp^e^J (coHicyic. £7, lyrnpft 
nt^ic £tf. bone marro*. fl. jppendiA. iun^. fl. ncne«. 
y*. puccnui: 6'/. retxl tnitm: C?. itiul tmn Ci. fkml luxney: 
G^, tool Cj. ictku spleen. Co. ram inyrau*, C7, fcui 
Mtfr i«. yein tout KNa. H2. ycasi ikNa. //j. € Coii 
rHJSA, AM. m/ l UNA. JiS. pa\ 3 it A). //A. human 

I DNA, ft»m*n D.NA. Ouituh Dn K B8. FS-F8 
ana contain no JLNaa T&r utlu o»i the / vus arc rckLrc 
oiensiry <au~* 
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which is m agreement with the nzc of transcript as determined by 
Northern hybridisation (Fi^ \D) The cONA sequence was submitted 
to GcnBank under the accession TO AFl 67438 

The PSDRJ cDNA encodes a pupanve protein of 3 1 8 ammo acids. 
The start codon. GAG ATGG matches m <t strong context to the Kozsk 
translation irouatiOn cnns«m>u* sequences (RRNaTGG, where R is a 
purine; Ref 28) Two potential polyadcnylanons signals vvcrt identi- 
fied at nucleotide positions 2439 and 2*81. IMAGE clone 1703429 
has s poJy(A) strcTch that uses the AATAAA poiyadenylarion Signal 
at 24 J 9, and our original cDN A clone oA4 uses the AATAAA signals 
at 248 1 However, we were not able to find a poly adenyJaiion sjic that 
would produce the 900-bp band ^cn in tcsns tissue. PCR primers 
flanking the start and stop codons were designed, and an expecvd si2e 
band encompassing the ennre coding region was amplified from 
human prostate Marathon-Ready cDNa (Clontech, daw not shuwn). 

Comparisons of the assembled cDNa sequences indicated several 
polymorphs sites Five distinct single nucleotide polymorphisms 
were recognised between the three mdepcndcni prostate tissue sources 
used for PSDRJ cloning Three occur in the coding reman uf the 
PSDRJ sequence; nucleotide 379, ggc to ggg, nucleotide 916, gtg to 
gtc; and nucleotide 921, gtc to gee The f»rsi two arc cunscrved 
changes, whereas the latter results m a valine to alanine amino acid 
Substitution Alignments of Sequences in dbEST with humolo^ io 
PSDRJ identified more than 20 dinner nucleotide differences in 
tissue sources presumably derived from different individuals 

Prusiaic-locaiizcd and Androgcn-reguJated Expression of 
PSDRJ. Tb* anarogen-reguiated expression of PSDRJ was con- 
firmed by Northern analysis using the same LNCaP RKa that was 
used for nucroarray analyst*. Phosphorlmage quantitation of me 
Northern analysis demonstrated a 3-fold induction of PSDRJ expres- 
sion after 72 h of andrpi^en exposure relative to 72 h of androgen 
starvation (Fig. \B) PSa expression increased 25-fold, and the ex- 
pression of the G3PDH loading control did noi change significantly, 
wteresungly, Nonhem analysis with andrw^n-indcpcndcnt prostate 
cancer cell lines DUJ45 and PC3 demonstt4led PSDRJ expression in 
both cell types (Fig. iO indicating a mechanism of PSDRJ transcrip- 
tion in these cells thai is mdepcndcni of androgen requirements. 

The disirtbuhon ufPSDRj transcripts in normal human tissues and 
prostate carcinoma was determined by Norrhcm analysis and mRNA 
dot blots Of 1 6 adult tissues examined by Northern, a PSDRJ message 
of 2.5 kb was predominantly expressed m prostate (Fi£ \D). In i»us, 
we PSDRJ probe hybridized » ■*« additional band at about 900 bp 
(Fig \D) 9 wDich could indicate cross-hybndization, alternate splicing, 
or alternate usage of polyadenylauon signals. The PSDRJ expression 
profile was confirmed using an RNA Master dot blot (Qontech) 
comprised of RNA from 50 different tissues PSDRJ expression was 
detected predominantly in prostate with a very jow relative Jcvc! of 
expression m spleen, thymus, testis, ovary, small intestine, colon, 
peripheral blood leukocyte, and Kidney, adrenal gland, and feul liver 
(F«& »f) PSDRj expression was at least 4-foid higher in prostate 
relative to any other human ussue examined PSDRJ expression was 
detected in all of the normal and neoplastic prostate tissue samples 
examined These included three normal wnoje prostate ussues; three 
primary prostate adenocarcinomas, androgcn-ocpendcnt and andro- 
gen-independent prostate cancer xenografts, and three prostate confer 
cell imes (Fig 1Q. 

PSDRJ Share* Homology with Members of the SDR family. 
We used the nucleotide and translated the 3i$-ammo acid PSDRJ 
sequence to search the NaiiunaJ Center for Biotocnnology Information 
sequence databases by using BLAST and B£aUTV algorithms (2V). 
Partial homology w*> *cen with several oxidoreductases from bacteria 
and pbni sources To sec whether ihe homology was significant, wc 
searched me proicm sequence of PSDRj at^nst the BLOCKS data- 
it 



_u wiTtt PRub . ATfc y»iT«EOuM 

base (30).° The PSDRJ protein has three block* that all match to me 
SDR faitu:/ protein signature Bt-OCK (tfLOOWl; Rrf 31 J with a 
signifi cant ..'otnbmed H-valuc of 2.6e-06. The SDR family art Na£>- 
or MaDP- icpendcni oxidoreductases (31). which mclndc enzymes 
involved it steroid metabolism such as estradiol 17-p-dcrrydrogcnase 
(also calio J 7.0-hydroxy steroid dehydrogenase, £C 1.1.) 62), 15- 
riyoroxypn itagiandin dthydrugena^c (NAUr) (EC I 1 \ 141) rrom 
human ano 11 p-HSD (£C 1.1.1.146, 11-DH; Ref 31) a mumpje 
sequence e.ignmenr of tne PSDRJ protein with different members of 
the human HSD tamiVy and a prokaryonc 20-0-HSD (Sirtpts»nryccs 
3a/20£-Hi 0) is shown m fig 2. 

Only tw. motifs arc highly conserved in the SDR fairuly The Mrsi 
i5 a comn on GlyXXXCiyXGiy pauern, in which the coenzyme 
NAD(H) o. NADP(H) b.nds at th= NH 2 terminus of tne SDR enzyme 
(31) The ceond muiif is a segment, TyiXXXtys, beheved to be 
involved i>. the catalytic activity of the enyymc (32). The PSDKJ 
protein coi .ams Uiese two signaTurc* (as shown oy asterisk in Fig 2) 
Sequence . hgmnems revta] that proieins in th« SDR famiiy exhibit 
resicue ldt.itjtics of only abowt i5-3U%, probably because of their 
early diver ence <md remote ongm (3 1 ). PSDRJ snows -25% amino 
*cid idenu / widi other members of the SDR family 

Searcher agamsi prositc partcms database 0 revealed that PSDRJ 
coniaias rv o Asn-glycosylaiiO^ ai ©jnino acio (ad) posiuon 17-t 
and 19S »hc^c two sites are also conserved among SDR family 
proteins (r g. 2). In addiuon, two protein kinase C (PkC) phospJio- 
rylation sa s (aa 57 and \G6) 4 a uascm kinase J I phosphorylation site 
(aa 57), an t a 7 /V-rayristoyiatioo Site arc identified in the protein 

PSDRJ .ieuomic Organization and Promoter Sequence Analy- 
sis. BLAS : searche* with the fuli-lcngin PSDRJ cDNa identified 
homology /iOi nucleotide sequence derived from a recently deposited 
wnannotatc » 197-kd chromosome 14 BaC clone. R-|0|2A1. se- 
quenced b the National Sequencing Ccmcr-GenoiCopc in France 
(GcnBank accession no AL049779) Alignment with mc PSDRJ 
sequence -emonsiraied Uiat this BaC contains tlic enure PSDRJ 
cDna ano allowed for the detcrrmnarion of me PSDRJ genomic 
structure 1 ne PSDRj gene comprises 7 exOns and 6 immr* The size^ 
of exons ^ad introns and the exoo/intron juncUonal sequences aie 
listed in F.g. IB AlJ of the mtron/exon juncnons conform to the 
S'-gl .3'--g concensus <33) except julron 2 Inlron 2 has a 5^ 
Sc. 3'-ag iplicing signal, a structure thai has been identified in outer 
genes (34) 

Wc examined the 5' genomic sequences for potential transcrip- 
tional stan ;ites using a neural network promoter prediction program 7 
(35) and 1 ir potcnnaJ transcriptional factor binding sue uame the 
THSS (Tni.ucnption Element Search Softw<irc) proj^am 6 (36) Wc 
idcrmficd ; strong piomotcr sequence with a score of 0.87 (a score of 
0.85 has a 0 1-0 4% false positive prediction rate). Tne predicted 
transcriptit ,i start Site *s 167 bp S' of the ATG stan codon A TaTA 
box (TAT -AT) is found 30 bp 3' of the putaLvc trunscnpnonal 
mitianun s .c (Fig. 3 A). A sequence that has h'6 7% homology (13 of 
15 micieot. ics) to the con*cnsu> ARE, 5 , -CGA/rACAnnnTGTTCr- 
3*, (37) wp identified (Fig lA) Two sequences that have 86 1% (|3 
of 1 5 nuclt . mdes) homology to the consensus, sequence of PREs (3S) 
were also dendned (Fig U) aa imcrlcukin-6 response element 
binding pn icm >ile, TTCCCaGaa, (39) was identified 2Sl bp 5* of 
the transcr prion initiation site 

CnroftUrtoial Localuation of PSDRJ. The niediuin-resoUuun 
Stanford C J radiation hybrid panel was used to determine the cmo- 
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mosoma) localization of PSDKI using gene-specific PCR primers 
6A4F and 6A4R. Analysis of the typing results on mc Stanford 
Hum&n Genome Center Radiation Hybnd Panel served indicated that 
PSDRJ js located closest to Stanford Human Cenomo Center Radia- 
tion Hybrid Panel-2558 b^rwt^ji iwo cytogeneucaJly roappea markers 
D4S63 (mapped to I4q23) imd (mapped to 14q24 3) v Tnw- 

forc, /^^y is mapped xo 14c23-24.3, consisienr wun i3AC cions 
raapp^ns dau locol^uog bAC to enromosoroe I4q 

PSMJ Expression in Normal and Neoplastic Prostate Cpitno- 
Uum- Nonrpil prosure contains rwo m4jor epithelial cell populaiionx, 
the lumjnal sarcpory cdh and mc bosaJ cells, in situ hybndizanon* 
were performed on sections of normal prostate py u^ing an aniisonsc 
RN T A probe specific for PSDRJ lo locaW iU expression PSDRi 
expressed in both normal oasal and luirunal cell populations (Fig 4 
A and C) Unir u> no sumuog stxn m flbromusjcular siromaJ celu, 
endothelial cell>. or infiltrating lymphocytes. Hybndixuuon with 
sense PSDRJ RNA probes snowed no background staining (fig 4. B 
and D) Jo situ hybridizations with PSDRJ anusen&e and sense probes 
wctc also perfbmica on sections of pnmaty prostaie adenocarcinoma 
obtained from radial prw^uicctomy speamen>. Adenocarcinoma 
cells were uniformly positive for PSDRI expression (Fig 4£) Hy- 



bndizatioj. with Sense PSDRJ RMA probes snowed no ^kgroond 
summg (i ig 4/) 

OlSCUSi ION 

Id a sea.ch for yencs regulated by aiidrO|>cns in the human prostate, 
wc have dcnufied a new member of the SDR supcrfamily. SDRs 
encompas a large group of functionally diverse proteins in pro- and 
eukaiyute. (31) Enzymes in mis family typically exhibit residue 
identities >f only 15-30%, mmcating early gene duplication events 
and subsc juem exiensivi! aiv^encc (3 J j Regions of hi^h conserva- 
tion arc i rstncied io specific segmems, wmcb indicate a possible 
common <oJd, active site, reacijon mechaausm, and coenzyme and 
substrate landing regions {40) Of relevance for the study of androgen* 
mediated ifects in prostate carcinoma is me classification of several 
key enzyi..es uivoived iu steroid biosynthesis, HSDs, *itnm the SDR 
family Tl. »s group of HSDs includes 17-^HSD types 1-4 and 6 (41 ), 
l5-hydro> ^prostaglandin dehydrogenase, and J1-0-HSD (31) 
HSD 3 c. nvcfts androsiencdjone lo testosterone 142), 1 6 
converts : -andiwane-38. 17-^-diol (3-adiol) to andru>tcTone (43). In 
prostate c .ncer cells. J7-^KSD type 2 exclusively converts 5wOHJ 
and resto: erone into the jess potent 17-keto confounds 5o-andro- 
SU*ned*on and 4-androstened»Que. respectively (44) Tbis suggests 
5 
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taai J7HSD type 2 plays a pan in itic widrogen metabolic pathway, 
resulting in the inactjvation of testosterone and 5a-DHT locally in in* 
prostaic. Enzyme expression in The profit could, therefore, protect 
cells from excessive androgen action Because PSDRJ snows signif- 
icant homology to HSD members uf the SDR family. w C hypoihcsizc 
insi PSDR] is also mvolvcd m prostate cellular steroid meraoolism 
max may include biosynthesis and/or dcijradauon. The pharmacolog- 
jcaj moduiaaon of PSDRJ actrviry could ihus influence prostate 
cellular growtti and provide a new target for prostate cancer therapy 
Numerous studies suppon associations between molecufcir vana- 
tions involving genes of the androgen metabolic pathway and the 
development and progression o! prostate cancer (45). In addition to 
environmental influences, racial and international variation in prostate 
cancer incidence suggests that innrritable genetic factor* such as those 
that influence androgen biosyntnesis. activation, transport, and me- 
tabolism are operative (45) in addition to polymorphs venation in 
tfte AR itself (46), specific polyrnorpbisms in the 5a-reductesc type 2 
[SHD5A2) gene, the enzyme convcrnng testosterone w the more 
bioactive DHT, result m increased enzyme activity and confer up to a 
7-fold increased nefc for the development of prostate cancer in Afri- 
can-American men 1,47; Allehc variant m trie 3-&-HSD ryfxr li gene, 
encoding one of two enryme* that initiates the maenvanon of PHT. 
have Been identified and are currently under a<i£e<?imenT ff>r a joie in 
racjaj/ettmic differences m prosuuc carcinogenesis (48). Polymor- 
phisms in PSDRJ eould influence enzyme aenvity and consequently 
result in variations in steroid metabolism between individuals Our 
preliminary <uvijyws of the PSDR1 sequence from three different 
pro»uie nssuc sources identified five distinct smgle nucleotide poly- 
morphisms. Three occur in the coding region of the PSDRj sequence, 
one of whmh results m a valine to alanine amino acid substitution. An 
alignment of sequences m dbEST wmtti homology 10 PSORl identified 
more than 20 distinct nucleotide differences in tissue sources presum- 
ably derived from different individuals. AllbOUgh some of these 
differences may represent sequencing artifacts, these findings warrant 
a more directed study of PSDRJ variation in different ethuic popula- 
tioas and in samples of prostate carcinoma. 



a 5cnert»i< oi m= PSORl promnw rco^n 

OwaCAnnnTGITCT consensus ARE 

• • i i t • i t nit 

OMAGaCGaTaTTCT -701 putobvo ARC 



/ 



AGGaaTa*GTGTaCT -3EO puoiM PRE 

i i i i 1 1 i i i 

AaAaCCaACTOTTCCC 'TtZ puWl/«o Pftd 

carsatsn»u& PRE 



6. Summary at to ^etxnt s&*cu*v a\ PSORl 



ctctccn«EtgteV c *9 GAA 
tcgaccocDcct^BsayGAA 

o TlHcTJln Tfl r Tm rtmQ£tT£* 



GAGgcnqgnrnrnrnnrft D 



TGGymaeacmctggecffaic 





tnuon SjXo (op) 




2s77 


130 


340 


159 


1133 


104 


718 


2,1 


5007 


191 


6991 


1621 





F»fi. 5. Genomic ktwtwc of rSORi a, adcmaic unumj >*K>w,ng the puuiive 
»ut»*.-n«c n*xJ» uf mc psOR i pjvmowr *miw, the pre&cteo rrdji*cr.piiim nuiatiqn kits 
4. Uta t 1 puwuus TATAAT TATA-tkn fll -30. puLtiivC ARE snA PRE aequcnec*, nyj 
un *ni«meukia-6 nr*pan-e ciemeni oudm b pnxcui JL-b jtE-Bf »rw HCCCaCaa -i 
-2»| axe *1»0 lUPUL-luB code* far nwclcwt.ee* were *-»cft tf. punnc. r, 
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^. fSDkl cum mnd meun *ccep«c 0M»r SpliCc sncb w*rn mm^punagtg »e£n»«ro 
(A aucl rnrrtr U»£ put. 
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f vt; Rej :e*c*iui»c accuoa, of m jw n^BftO^jj^ won PSWl pror«s ,ji jvonna] 
and nuiigiun pro*oic iitfuc* Lo» U) »ofl inj;h Id ppw« Trupntficarjoii of iiofum 

prOfGIC IiUik nyWIOiicd *«4h PSpRl WI-XIW probv. fihOw.au Ckprcaa^on m E»vh M-nl 

and lumttut ir U», M noc m »iron»« «»> Low \B) and o.gh power ro^Lfiux»oo of 
ncgilire cwfia 4 hytflio^non with PSDRj &cioc prutjea. ktvwmg no CwcK^rObno scuujnj; 
<n normal pre wtc u&swc £. pnnw> pmauqc corcinomi tissw riybudizrd »uti rSPRj 
wa>cn»c pi«.c *huwm t PSDRi CAprc^un in prwtvitt CaiiMium* ^iu F. nc&xt^ 
cantrtA njrtw%. »itn PSDRl scn»c pA*c». »liu»m b HacKjpwmI IuSsC bytind- 
^*pon. 



The exp.ession at PSDRJ is induced try sywlieoc androtjeni in 
J-NCaP ce:is The mechanism of androgen-mediatec rtsuUtion of 
PSDRj ex <e*sion is unknown and couJd involve e*ther direct AR 
binding to 'SDR J promoter regions or indirect activation tnrougn the 
modulATiot of intermediary transcription factors or tta poirrtransenp- 
nonal mcci amsms Androgen^ h4ve been suowti to regulate exprei- 
sion of ot:.er oxjdoreductuscs The mouse alconoi denydrot>cn4>e 
ADHI, wl.ch belong* to The jong-chajn dehydruyenaie f^nuly, U 
induced U<-l2 fa!d by androgens in mouse kidney celts (49) The 
induction i-f mou^c a£>HJ gene oy androgens seems u> be AK de- 
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pendent because ttie 4£/r7 gene in Jfm mice lacicing functional aR 
was noi responsive to androgens (49) 17-£-HSDl, which belongs 10 
me SDR family, is sfcrnuiaxea by androgen wrough AR-meaiated 
mechanism (50). We have identified a pwaijvc aRE and two puianve 
PRE sites Thar demonstrate a high degree of homology ip the respec- 
tive consensus hormone receptor binding siics. whether these respon- 
sive elements are functional awaits nirmer investigation. In addition, 
PSDRJ rranscnpuon is not enurely mediated Dy androgens as den> 
onstraied by a low Jevel uf detectable PSPRJ message in androgen- 
smrved LNCaP cells and m ihe aodrogen-independenr PC3 and 
DUhS prostate cancer cell lines Smdtcs of «V PSDRJ proiem may 
tdcnijfy additional mechanisms of tiinctzOnil regulation 

The localized expression of PSDRJ m prosialc epithelium is inter- 
esting became, 10 our knowledge, PSDRJ i> ihe firM member of the 
human SDR family thai js express predominantly in ihe prostate 
gland. Other members of SDR family exhibit tissvc-rcsmcTcd patterns 
uf expression For example, l7-£-nSDl is predominantly expressed 
in plucenu and ovary C5l. 52); 17-0-HSD2 *s expressed In placenta 
and liver (53); |7-£-HSD3 is expressed m Testis (42); J7-/3-HSD4 is 
primarily expressed m lwer&nd bdney (54). 17-0-HSD5 is expressed 
most abundantly m liver and testis (41, 55), and 17-0-HSD6 & 
expressed equally m liver and pro^i&te (43) 

The idcmificunon of gtnn with selective cxrwexion in specific 
organs or cell types provides an entry point for understanding biolog- 
ical processes that occur uniquely wiimn a particular tissue. Genes and 
their cognate proteins whose expression « specific for the prosiate 
have greatly aided me diagnosis and treatment of prostate carcinoma. 
The significance of the prostaie predominant expression pattern of 
PSDRJ remains to be determined If the tissue expression profile of 
the PSDRJ protein corresportds to the transcript expression profile, 
ihen PSDRI may represent an additional tirga for prostate cancer 
diagnostic and therapeutic interventions Cellular Or humoral immu- 
notherapy could be designed to exploit the Ussuc expression differ- 
ential Our hypothesis n> that PSDRJ is involved in steroid synthesis 
and/or degradation m normal and neoplastic prusUle epithelium, and, 
as such, it may be a key enzyme involved m mamUmmg intracellular 
barancc of steroid hormones in these cells Additional sruOics includ- 
ing the expression of PSDRI protein and the analysis of substrate 
specificity and kmencs are needed to address this quesnon- 
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AU-//ww-retxnoic acid is a metabolite of vitamin A 
(all-frowretinol) that functions as an activating Ugand 
for a family of nuclear retfnoio acid receptors. The in- 
tracellular levels of retinoic acid in tissues are tightly 
regulated* although the mechanisms underlying the 
control of retinoid metabolism at the level of specific 
enzymes are not completely understood. In this report 
we present the first characterization of the retinoid sub- 
strate specificity of a novel short-chain dehydrogenase/ 
reductase (SDH) encoded by BulRliFSOBh a cDNA re- 
cently isolated from the human prostate (l4n, White, 
J. T\, Ferguson, C, Wang, Vessella, B-> Bumgamer, & n 
True, X- V. f Hood, 1-, and Nelson, P. S. (20G1) Cancer Re*. 
61. 16U-1618J. We demonstrate that RalBl exhibits an 
uxidortsductive catalytic activity toward retinoids, but 
not steroids, with at least an 800-fold lower apparent K m 
value* for NADP" and NAPPS vvrxu* NaP t and NADU 
asp cofactors. The enzyme is ^SO-fold more efficient for 
the reduction of all-frunv-retiaal than for the oxidation 
of aU-fro/w-retinoh Importantly, AalEX reduces all- 
trun*-reTixiM in the presence of a 10-fold molar excess of 
cellular retinol-binding protein type I, which is believed 
to sequester all-tawf-retinal from nonspecific enzymes. 
As shown by Imm ii n o fi taining of human prostate and 
LNCaP cells with monoclonal anti-RaUU antibodies, the 
enzyme is highly expressed in the epithelial cell layer of 
human prostate and localizes to the endoplftfirnir retic- 
ulum* The enzymatic properties and expression pattern 
of RalR l in prostate epithelium suggest that it might 
play a role in the regulation of retinoid homeostasis in 
human prostate* 



Au-rroas-retmoic aa4 is a metaboute of vitamin A lau-fmns- 
raunol) that functions as an activating bgand for a family of 
nuclear retinoic acid receptors (1). In target tissues, aU-tro/is- 
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retinoic aci.i it, produced b> the oxidation of all-?rons-retinal- 
dehyde cat^iyzea by cytosohc aldehyde dehydrogenases (Fig. X) 
12-5). Rem. aldehyde, in turn, can be produced either by the 
oxidation 03 rednol eaiaLy2ed by lOicrosoinal or cytosoiic r^tinol 
dehydroffen taes (reviewed in Refs, 6 and 7) or by a symmetrical 
cleavage of ^-carotene <Fie;. 1) (8). la the small intestine, the 
majority oj absorbed ^-carotene is converted directly to all- 
trans-reua. I by cytosolic ^,^aroteoo 15,15'-dioarye;enasB (9). 
AU-rrorts-re 4nal produced from ^carotene is reduced to all- 
fran^-mini t by inicTosornia reunal reductase activity (10). The 
enzyme tha , catalyzes this reaction in lbs ±m*li intestine func- 
tions in the presence of cellular rerinol binding prqrein type u 
CCRBPII), 1 *hich is expressed specifically in the small intes- 
tine and bn da ail-<ra/i*-retmal with high ainnity IK* of -100 
um) (11), B< tinol produced from retinal by retinal reductase is 
then esttxrii.eci by U ^ t hw -retinnl acyltrans&rase and incorpo- 
rated iato ;0e lipid core of The chylomicron (12) The reUnyl 
ester* asso. lated with chylomicrons are cleared into hepato- 
cytes when they undergo a cycle of hydrolysis and re-wsuoifi- 
cation befoi e storage (12). 

It is gtnu rally believed that re tinol secreted from the liver 
bound to p>asma reunol-hi tiding protein serves as the major 
source of retinoids for peripheral ussue* (8) However, there is 
growing ev denre that a number of cell types are capable of 
utuwing 0-, arotene directly, supplementing their own retinoid 
stores evei. though serum levels of reunol are tightly con- 
trolled. For instance, in addition to the small intestine, 0-oar* 
oiens is con '«rte4 to retinol in the liver (8) ? human colon cancer 
cells (13), a. id human lung (14) and skin fibroblasts (IS). 

Si gni fica .t progress in understanding the Tissue-specific up- 
take and n.^ta holism of ^-carotene *as provided through the 
molecular characterization of ^,^-earotene 15,15'-dioxygana«>os 
from the fri.it fly (16), chicken U?), mouse (18, 19), and human 
(20). North rn blot analysis of the corr^pcoicUn^ mRNAs re- 
vealed that besides the small intestine, many tissues, includ- 
ing Uver, Kidney, brain, stomach, testis, and small intestine 
express reL uvely high levels of 0,0-carotene 15,15' -cuoaygeu- 
ase (17-20) In t*Uu hybridization analysis of ^carotene dioxy- 
genase exp ession showed that the corresponding mKNA was 
expressed |.nmaru> m epithelial structures of tissues such as 
duodenum, tung, and kidney as well as in skin, where it could 
serve to pn.vale the tissue-speciiic vitamin A supply (21). Re- 



1 The auhr- ^latmns used are: CRBPH, <^llutar retinal hwdinj: protein 
type U; SOfi short-cham dehydrogenase/reductase; mAb. monockmal 
annnody; Bt V hovme sertuu ulUumUX, CMV, rytonftgaluvirua; PBS, 
phoa p he te-6» -fered eaUoe: En do rT. cndoglycosaclrtc H, HPLC, high 
perfo rman ce iiquul chroma i o g mphy, ER. endoplasmic reticulum. 
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fic. 1. Biosynthesis of reuuoic acid from p-carotene. 

cently, prustat* epithelial cell lines LNCaP, PC-S, and OU 145 
were shown to convert p-carotene to retmol (22), suggesting 
that human prostate epithelium ul&o contain* £-caroi£ne di- 
oxygenase. However, the one or more eruymes responsible for 
the reduction of reunal produced from ^-carotene to retmol in 
prostate as well as other tisdue& have yat to he characterued. 
Furthermore, the enzyme responsible for the intestinal micro- 
somal retinal reductase activity that recognise* CRBPlI-bound 
retinal as substrate has not yet been defined at the molecular 
level. 

Recently, we have shown that the prostate eipm^h high 
levels of a transcript encoding a novel member of the short- 
chain dehydrogenase/reducttuie (SDR) superfamily, PSDR2 
(23). In the present study we characterized the cell-specific 
expreasuin, subcellular localization, and catalytic properties of 
the protein encoded by the human PSDRl gene. We present 
evidence that PSDfU is a microsomal retmal reductase that i& 
expressed in the epithelial celU of the human prostate gland 
and is capable of reducing aU</n^s-retinal to all-mo rw-rennol 
under physiologically relevant co n d it ions. Thus activity sug- 
gests that PSDRl might contribute to the enzymatic conversion 
of retin aldehyde produced from ^carotene to retmol in human 
prostate. To provide a nomenclature more debcnptive of actual 
biochemical activity, we have changed the designation of this 
gene and encoded protein from PSUR1 to RalHl for fietinaj 
Ee4actase±. 

Experimental procedures 

RalBl Mwiocl&ial AniWody^^ peptide located near the C terminus 
of Rami, CH,CO^HVAWV@ftAJ^ETlAK«CONH v (residue* 287- 
303), wd2> synthesized (Ge named Synthesis, Inc., South San FranaScu. 
OA) and conjugated tp materni^e-activated key bole limpet b*3iaocyanxn 
(Pterce, nockfurd. H.J through the NHarmiaal Cy& of the peptide. Mice 
were immunised with the kwyhok limpet hemoCyania-peptide conju- 
gate, and a monoclonal antibody (inAbJ was generated in the fimiojoo. 
Production Facility of tnc Fred Hutchinson Cancer Beaearch Center 
ilybndomas were screened by anxymyMinkrd immunosorbent assay 
a&mg bovine serum albumin (ESaj conjugated with the HalBl pepnde 
as a poamvB control and BSA conjugated with unrelated peptide tu» 
nee auvo control*. Pcoxtrve clones were further screened by immuncblot- 
nng u&ing COS-7 cells tran&fected with KolfU exprefaSion vectors. One 
hybndoma done prcuuicing BalfU-bpeciftc mAu. designated HS, was 
used throughout mi* study 

Irf i mM nasi can i rxg of Human Prostata — Six-uucrau sections of fcrma- 
Uo-uxfld, paraffin-cm bedded blucka of prostate tn~u»r *ire dcp*raf- 
nmzed and renydrated m Msquential boluuans of xylene and etbanol. 
Tte sections were sequentially uumereed in a 3% aqueous solution of 
hydrogen peroxide to inactivate endugeuous peroxidase activity, a 1% 
solution of bovine serum alboaun in p^pnatc-bunVrcd Saline to block 
ooitflpeafir protein binding, and then rotcrowaved for 16 mm in a 10 mM 
curate bunVr to "unmask* antigenicity The nwnonb were immune* 



stained asm, a three'&tep indirect avidm-biotin-pcroxidx»ssc method 
The primary 4AUbooy mo\n^ monoclonal .mti-RaUU. wludi was 
ammty-porif . sd on & protein G column. The negative controls for tmri- 
Dody specinc...y conbUt^d of non-immune mouse serum and coiucubi*- 
tion of the «.iti-RilRl antibody w«H 10-fold molar axcuoo of Ralftt 
peptide for 2 . before Subsequently uicuoanng the monoclonal antibody/ 
peptide solut -ao with tissue aecuona. ixnmunorcoctivsl/ of the primary 
antibody wa detected uaing an avidm-buam-perojudase kit (Dako 
Corp , Carpv.tcriu. CA). The 4*aminO ben»4dw e reaction product **±* 
enhant^d :i an aqueous z>ohuion of nickel chloride, which yields 
a black reacmn product. The sections w»r*= counterstained wub a 
mwth^l greer nuclear staui prior to envershppin?. 

EtUEl Su -cellular L&caLuanon — A chimeric RalHl*FLAG*iagged 
protem wab -^nutructcd by amplifying the tull^leugth EalBl coding 
sequence bv .ae PCR uSiAfi pniners PSPK1-5 (5 -TTAA(jC'l , tGCGGC- 
CGCGAATO CCACC-3 ) and PSl3fll-3 (5 -I'CaCTaTCTaGaGTC- 
TATTCiCGA' <CCCCaCCacV3' J Th»* product w** ietjoence-venned. 
Cleaned with iVofj and Xbal cozymct, and cloned into the p3XFi*AG- 
CJ«fV-l4 L-xpi .-»»ion vector tSigtna'Aldrith. St p)ui&. MO) C06-7 mon- 
key kidney » rlla ^American Type Culture Collection, Manan ^a^ VA) 
were grown \ -\ eight-w&U culture shdeb and traniuintly rransfected with 
SalRl-FLAC osmg PuCENE 6 traubfrcrion rcngcnt j«cordintf to a proto- 
col supplied t / the manofacrurcr I Roche Molccuh*r Biocheaucals, Indiau- 
apoUo. IN). T rentj-fu or hours after uansfecucu, cells were washed with 
PBS aud the., fixed with 30% accrume/70% methanol mixture for 10 nua 
at-20°C.Tl - <x-lh, w L-rc *^>akc4 in BSA/PES for 1 h n«- blockme- TUs 
primary ant «o4y. eltner anu-itaaa Or M2 auti-ri-AC C&igmaJ, wab 
added at 1~3 ^ml and incubated for J u ai room lemperamre. the celL 
ware washed five tunas with PBS containing G.1& Twocn-20 and meu- 
bau.d with o.iti-mouae I^'C^onjugated woh biouo (Fierce) for BO nun, 
followed by i ^ubauou with streprnvia^-aunrepoeiii lbOthiocy^nat*; oon- 
jugate iPierc i The cells were wabhtsd hve timcb with PBS plus 0.1% 
Tween-20 but vuen the incubation*. The bame tmmunOStauuO^ proceaure 
wah followed ibiroj the anti-BqlRl annbudy cm LNCaP cells grown using 
growth cond-uons Sugeeeiied by the i^uppher CAmencan Typa Culture 
Collection) I uTunung mudium (Vector l^xhoTaiorarb. Inc.. Burlm^amc, 
CA) wab appi^d to cuch well^ and the slides were imm ed i ately examined 
using d flu. rcaccnoe nui^uScOpe (OlympuS) equipped with a wide- 
field deconvo'wftofi SyStwu cDaUaViSJOO, Applied preosjon Incorporated, 
TftfWl»an. W 0 Typically, SO wmgoa *ltc collected per section with a 
plane width -f 0.3 *m per imajje through the cell center 

Explain* ta Sf9 Cells — The coding region of the cONA for human 
KalGl was i :oned into ITcoRI restriction bin.- of pVX,1393 B^culoviruo 
transfer vec* ir. The /?oi/?J'pVXi393 cim«truet with the correct onan- 
tdnon of th. insert was selected based on restnetam endonucleab» 
digest aoaly «s and was confirm ftd by PNA wsqa^ncing. Cotransfection 
of SB cellb w .th the transfer vector and linear wed BaculoGold PNA was 
pwrtbrmed a- cording to the manufacturer's protocol tBP PnarMingen, 
San Diego, ■ :A) The rocowpuiaat vuus was ampuhed and used to 
produce Rati ;1 protem essentially a= debcnbed provioubly mr hum^n 
RoDU-4 C24 The bubwdlular fractiona were isolated by sequential 
ceatrmigatu ^s of the cell homogknatc prepared Ubuuf French pres»*. 
Tbt5 unbroki a vcldz, cellular debnb, and nuclei were removed by cao- 
tnfugatiOn . t 1.000 x g tor 10 nun Mitochondria were pelleted by 
ceatnhigarii.a at 10,000 x g for SO mm, and microsomal fraction was 
isolated by c ntnfu^annn at X Q3 ,000 x g for l b through a 0.6 m sucrooe 
cubhion Mi* -'u somes were res us bended m 0.1 x potassium phoepnata, 
pH 7.% 0 1 1 m EOTA, I mu dilhmthreiiol, 2Cr% glycerol, aUquot^d, and 
stored froax.. at — 70 *C. Protem cunoentratum was detor n t m e d by 
Lowry ej at . 25) usme bovine serum album oi a* a btandard. 

Weszam h ot Anatyhi*. Ehdoglyco&ulct* H Trratrrwnt. urul Cvupletl m 
Vitro Trwi* o^f*o/i/7ro««torw/i— Western blot analybv* of RaiBl ex- 
prebSioe wj . perform i-d uamg a 1.100 dUutian of EudBl mAb Pruuun 
was date eta. using BCU Wtntcm blotting analysis sjitem (Amexsham 
r^iot^nenctrb, Pibcataway. NJ) as described previously (26) For eubogly- 
cobidase H • £ndo Hi treatment, 20 m8 of nuc^oeomal protem was re- 
suspended i. . 50 cjaj sodiiun paospnaie buffer, pH 5 5. containing 0.1% 
SPS, and 0 . u 2-nwrcaptoethanol. The proteaac- inhibitor phenylmeth- 
ylaulfooyl fl..onde was added to a 5 mM final cOQcentration. One half of 
the mixture wa» treated with 2.5 pi (12.5 units) Of Enoo H (Koche 
Molecular BachemicaU), and the other half received 2 5 ^1 of the buffer 
Both Sampl s were mniftarwi ovenugnt at room temperature, then 
denatured v itb SOS-PaO£ loading buffer far 5 nun at 9* W C and ana- 
lysed by Wt .tern blotting. UP-hydrDXy steroid debydrogeoase type 1 
with the FL vG epitope MDYKDDDD-COOH iSiffma) attached to the C 
terounus se. ved Sb a pobitive conrroi for gjycobylanon in Sr9 ctlls and 
dtglycuajlai .on by Endo H- 

For ui u. ro protean byninebib. RalSl cDNA ciomsd into pCR2_l- 
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TOPO vector iruvitro&euJ was subjected to traiiscripiwn by T7 RNA 
polymerase ana tranalauon in reucuiocyte jysate in uve preface or 
absence of dog pancre-fn* microcornea (INT Quick astern , projnega, 
MadiSOn, WI) accordinc; to the manufacturer^ instructions In a typical 
assay. 0-5-1 ^ of plasaud DNA, 20pC t of l^jmethionine CA*oeyfthar» 
BiosnftnfffrO and 0 5-1 >4 of c anm* pancreatic microsomal membranes 
(Promcga) were incubated for 6*0-90 mm at SO "C in a final volume of 
12.5 ^1. 55 S4-abeled proteins were subjected to 12% SDS-PaGE and 
analyzed by auparadiography- 

Anaiyxi* of Enzymatic Activity— Catalytic activity of fiolRl waa as- 
sayed in 90 ma potassium phosphate. pH 7.4. and 40 mM KCl at S7 "C 
(reaction buffer) in Siliconized £las$ luboS as described previously (24). 
The oxidative and reductive activity of HalEl Toward retinoid sub- 
strates wa* analyzed u*mg all-rra/j^ and cm liomcn. of retinoid* (Sig- 
mi-Alonch). The stock iolotiona of retinoid aub&trato* *crc prepared in 
eih&Aol, and their concentrations were determined baaed on the corre- 
spoudmfi extinction coemeieots at the appropriate wavelengths- Etna- 
nol-di&z>atvtfd retinoids v*ure nolubilizcd in the reaction buffer by a 
10-mm sanitation in the presence of equiroolar delipidatcd bovine se- 
rum albumin. The ttinceniraiiou of etbanol m the reaction mixture did 
not exceed 03* At this concentration, ethanol had no effect on ftalftl 
activity. The 500-/J reaction* were started by the addition of cofactor 
and earned out tor 15-30 mm at 37 °C. The amount of protein in the 
reaction mixture varied trom I to 25u ^ The reacpoa* ware termi- 
nated by the addition of «in equal volume of cold etbanol supplemented 
with 100 ftgfm) butyl ate d h>dro*/toluenc. RctwuuU were extracted 
usuifi aoUc-pnase extraction on a Waters sep-Fa* c\s mgnt) coiuwn aa 
deaenned before (27) and analyzed using a Waters Alliance HPLC 
z>ybtton. Elution wot monitored at 350 run with a Water* 2*37 Dual 
Afoorbance Detector Unless stated otherwise, retinoids were sepa- 
rated u£ui£ normal-phase HPLC Tne stationary phase was Waters 
Spherwirb &$W column (4.6 mm * 100 nun), and the mobile pha*e 
consisted of he JtSne: acetone (90.10. vAO. The flow rate was 1 ml/mm. 
Under these conditions, aiW/O/iy-retinalde&yde and ali-rrarw-reiinol 
eluted at 2 09 and 4 095 mm, respecuvery- The peak detection Unute 
were —10 pmol for aul-rra/kj -retinal and —2.5 pmol for aU-rron*-rotmol. 
The elutjon i unci for other isomers were a& follow*. 3.96 mm for 
Swretinul. 3.28 mm tor 13-cn>-retw*ul, 1 94 mm for 9-cOTetuialde* 
hyde, and 1 63 mm wr lS-cie-reuualdanyda Retinoids were quantnaied 
by flnmpnring their peak area* to u calibration curve constructed from 
the peak areas of a »enes of standards 

T\w oxidative and reductive activity of RalRl toward steroids was 
analyzed n4ng tritiuied fateroid* (PurknEhner Life Sciences. Beaton, 
MA. ^40-60 CJmmol ttach), wluch were dduted with cojd etemida 
(.Sleraloids Inc., Newport. RJ. and Sigma-Aldrieh) dissolved m Me^SO 
«l% m the reaction muO (24, 26, 27). OmyttrnW&to&terone (5u-andro- 
sUn-l7^-ol-3-une), prue^atcrone U-pre£aeR~3.20-d*uae). comwODterone 
(4-pre£naen-11^.21-du)l-3.20-diane), aldostarone (4-nregnen-l 10.21- 
dinl-3,ia^O-tnoneX androsterone (Q^-andTObtan-ao-ol- 17-one). deny- 
drnt^androfitferone (5-<indro2»ten-3^-ol-l7-onL>). aUoprognanolona (5n- 
pregnan-3«-Ol-20^)ne), and 3A-andrOStanediul l5(k-andruitan*3u.l70- 
dwl) wore tested as suhstrates either in the oxidative direction m the 
presence of I NaOP t /NaX> t or in the reductive direction in the 
presence oi l mu NADPrJ/NAprl. The amount of microsomal protein m 
the reaction mixture varied from 25 to 250 Control reaction^ cun- 
cainvd the »ome amount of microsomal protein tonlatcd from Sf9 ecus 
that were infected with wild-type virus The 250-*a reactions were 
binned wuh the addition of oufoctor and inrubutod at 37 "C for 15-120 
man. This reaction products were extracted and separated by develop- 
ment ui chloroform ethyl acetate (31, v/vj on ainca gel TUC plates. After 
drying, TLC platen were tocponod io a Phobpharlm^ger trhium bcruen 
and analysed uSin^ a Phosphorlraa^ej- (Ameraham Bioscience^). 

Dtsixrminauon of Kmctic Connanu, — Steady^tatr ktnetie analym^ 
performed in 90 um potaaawm pboepnate, pK 7.4. and 40 c» KCi 
at 87 "C ab described above. The reaction rate wa* linearly propurtiunal 
to the amount of miCrosoines added per 500->U reaction *0hoae with up 
to 2 >ig of protein m the reductive direction and with up to at least 10 
Mg of protein m the oxidative direction donng thp l^tnn incubatmn 
ume. Kinetic analysis of sunstratea ut tue reductive chrecuou was 
performed with O 625 n£ of protein and in tne oxidative direction wuu 
7 Spgper SOO-,4 reaction volume, so that the amount of product tonnad 
after 15 min of incubation did not exceed 10S? of the mitial ^amstrate 
amount. Under these c o n d mon s, me background level of product 
formed by Ductosomes fVoin Sid cells infected with wild-type virus did 
not exceed the "minus cotactor* value obtained with the &amt» amount of 
enzymeK-nnftiiprpg microsome^. A control without added rotactor was 
included fin- each cuncen tration of sunstraxe and was subtracted tram 
each experimental data point The win mint of product tanned in the 




Fig. 2. Ceiiulur and awbcwtltadnr diotrinutioii of BnlBl protein- 
a, Topresent*.Qve section demonstrating the expression of endogenous 
ftalfil prota-.i m normal prostate tissue. High immuoureactmty id 
apparent ui tue l umina l and basal ep»tneUal eells (ttuc* reaction prod- 
uct) Stromal fibroblast and smuoth muscle cell immunore activity waa 
not observed B, expreasion of endogenous RURl protein oi the LNCaP 
prostate cant *r cell line- MicroSuipic uua^e of COS-? cello tran^BCted 
with RalBl-J iAG fusion construct and procerard far FLaG (C) or 
R a lRl CD) im oono reactivity. The pattern of&al&l oxprabbion loealuea 
to the endopl i^mic reticulum. 



presence of c factor wo» at lea»t 3-fold higher than that in tbe "minus 
cotactor" com -oi The apparent K„, values for oxidation and reduction of 
retinoid^ we. -i determined at a fixed NAPf * {\ mMj or NAPPB (Q.5 
mM) concent! itions. £och K m determination wao repeated at least three 
times uauifi s. *. cnnceutratinnS "feaeh SubSlratc. aileron j-retiiuJ (0.25- 
2.5 >*M>, 13^.»-rerinol (0.2-2.5 m-u); S<ta-retmal (0.062-2 5 ^m). and 
aU^mn^reu oi C0.5-10 u^c). The valuea of initial velodtiub (nmol/min 
of product £ rmed per nig of protein) were obtained by non-iineor 
rugreabion ai alyaio. The apparent K m values lor oofactors were deter- 
mined at a :-xed ^aturatuui concentration of all -iron t> -retinal or ail- 
PuitS^retinol wuh five vOncentrationa of each cofactur. NADPH 
(0125-25 ^.). NAOH (0 0825-2 0 nvu). NADP^ 11 25-15 pM), and 
KAD T (0.S5- i mM). 

CBBPX w, i expressed in Escherichia colt a& a hioton protein with 
glutathione - -tr&nsfer&ae and purified uamff glutathione agarose col- 
umn aa daa* nbed prevmualy (2SX The purified tuawn protein woa 
cleaved with . nrommn and separated from glutathione ^-transferase on 
a Q-Sephoru: „- column by elution with a 0 to 500 mM NaCl gradient in 
10 mM Tn», , R 7.4. The amount of function*! protein wa* determined 
from the flu» reseence titration curve of apo-CRBPI with rctinul (29). 
lypically. o\ .r 90% of punned CRBPI preparation was ^apaM*- uf 
binding all* i/w*retinol (24, 28). 

AESULTS 

Expressio n ofRalRl in Promote Eputeltvn* — We have pre- 
viously ah* vn that tranacnpL^ encoding RalRl were most 
highly expi^^ed in the normal prostate gland relative to all 
other hum;- a tissues (23). To localize the one or mar* specific 
pro* tat* cea type* expressing RalRl, we lmmanostamed nor- 
mal prosta e tiisue with anti-RalBl monoclon al antibodies. 
High levels jf RalEl protein expression were detected in lumi- 
nal epitheU J cclla (Fig. 2A). Staining was also present in basal 
epithelium *ith undetectable staining in the smooth muscle 
and fibrobl .st components of the pmstate atroma- Thia reault 
indicated d at the novel SDR protein. RalRl, was specifically 
ttxprtio^ed i, k tha epithelial cello of human prostate. 

Subcettut.tr LocoUztuion of RalRl ta Eakaryoiic Cetla^-Thb 
retinal redi etase activity described previously in the rat small 
intestine w * aasooated with the microsomal membranes (10). 
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FlC. 3. Characterisation of RulRl protein. Lonr« IS, SDS-PaG£ 
anajy&us of the expressed pro tern in Sf9 microsomes: lane 2 t wild-type 
Sf9 microsome* (10 jig), Ian* 2, Si9 microsome*, conuiining RajRl (10 
ng); larvc X, SceBluc Plu&2 prc-staintd protein molecular weight stand- 
ard* (invitrogwi) Lan* -» r ^-labcW RalRl &ynthea»izGd in vuro using 
coupled traii^ptjon/xronbiation *yi»tem (1 25 |i) of reaction; Xo/te* 5 
anao, Western Wot aaalysw of RaJRl-coAtaiomg Sf9 microsomes C/anc 
5, 10 **g) and wild-type vutw infected mw-Toaojaea l/aw* 6", 10 
Antilles wtrc uotd at a 1.100 dUoUon. 

To determine the subcellular localization of RalRl, we irama- 
sustained the human prostate carcinoma cell line LNCaP with 
ami-RolRl antibody (Fig. 2J5), Tho imm unoil uoreBceni signals 
(green) were localised to the endoplasmic reticulum <ER), indi- 
cating that RalKl wa> expressed and retained m the ER. HuXHl 
expression in LNCaP cells was higher than in PCS prostate 
carcinoma cells (data not shownj, a cell type that we h^ve 
previously shewn expresses low levels of RalRl message (23). 
To obtain further evidence for the association of RalRl with the 
ER membranes, we deter mined whether a recombinant RalRl 
was also targeted to the ER in non -prostate cell line. COS-7 
cells were transfected with a construct expressing the recom- 
binant RalRl polypeptide fused to a 3 x -FLAG- tag and immu- 
nostained with the M2 anri-FLAG antibody. RalRl expression 
again localized to the ER of COS-7 cells (Fig. 2C). To confirm 
this finding, COS cells Trarisfecred with RalRl *ere immuno- 
stained with anri-RalRl mAb (Fig. 2D). The pattern of immu- 
nofluorescence was indistinguishable from the pattern ob- 
served with the anti-FLAG antibody. These results indicated 
that RalRl polypeptide contained the ER targeting signal and 
appeared to be associated with the ER membranes, similar to 
the rat intestinal retinal reductase. 

Expression of the Bumon RalRl Protein in Sf9 £<?//$ — The 
next objective was to determine whether RalKl was active 
toward retinoid substrates. We expressed the full-length cDNA 
fox RalRl in insect Sf9 cells tuung the BaeiuuGuid Baculovirus 
system. Sf9 cells were homogenized and fractionated into mi- 
tochondria, micros omes , and cytosoi. The subcellular locahza- 
tion of the recombinant protein in Sf9 cells was deiarmined by 
Western blot analysis using monoclonal antibodies against 
RalRl. The majority of the immunoreactive protein was asso- 
ciated with the microsomal fraction (Pig. 3, lanes 2 and 5), 
indicating that RalRl was targeted to the ER. At the same 
time, control microsomes isolated from SfQ cells infected with 
wud-type virus were not stained with ann-KaitU mAb* (Fig. 3, 
lane 6) 

Because RalRl localized to the microsome*, we investigated 
whether it was exposed to the lumenal side of the membrane by 
examining its glycosy latum state. The RalRl polypeptide con- 
tains two AMinked glyco&ylation motifs at Asn 17 * ( l74 NVS l7a ) 
and Asa 3 ** (^NET 81 *), Glycosylated proteins can be detected 
by their slower electrophoretic mobility relative to that of the 
non-glyeosylated forms. Treatment of microsomal RalRl ex- 
pressed in Sf9 cells with Endo H did not change the mobility of 
the protein (data not shown), indicating that RalRl was not 
glycosylated. A control protein, 110-hydroxy steroid dehydro- 
genase type i, was efficiently deglycosyUted by Endo H. To 



obtain furtl er evidence for the lack of RalRl glycosylation, we 
compared ti e electrophoretic mobility of a *S-labeled RalRl pro- 
duced in nix o using a coupled transcription/translation system 
in the abaf -ice of microsomes (Fig. 3, lane 4) to that of the 
recombinant RalRl expressed in Sf9 cell microsomes (Fig 3, 
lane 5). Rdh samples were separated in the same gel and 
transferred uo a nitrocellulose filter, which was then cut in half. 
The filter c rutainmg 35 S-l«beled RaXRl was exposed to x-ray 
film, where ,s the second filter was hybridized with anti-RalRl 
mAb* to vi th» microsomal RalRl by chemiluniuies- 

cence. Abutment of the two images revealed that the microso- 
mal RalRl had ejectrophorsuc mobility identical to that of 
RalRl prod teed in the absence of microsomes CFig- 3). To con- 
firm this rt ?ult, we compared the electrophoretic mobility of 
35 S -labeled dalRl preparations synthesized in vitro in the ab- 
sence and {.resence of canine microsomal membranes. Canine 
microsome!: efficiently glycosylated yeast u-mating factor, 
which was .irovided with the kit (data not shown), but RalRl 
was not gly osylated. Because glycosylation occurs exclusively 
in the lumt i of the ER. these results suggested thar the seg- 
ment of Ral.U containing the putative glycosylation motifs was 
not exposeo to the £R lumen. 

Analysis >f fialfil Subtcraut and Cafavtor Spmfictty— Ex- 
periments v ere designed to compare the reunmd-metabohzuig 
activity of ^f9 cell* expressing RalRl with the activity of Sf9 
cells infect ti with wud-type virus. Homogenates of RalRl-Sf9 
and virus -S 1^9 cells were incubated with 1 aU-rmn«-reunol 
or 1 >m «a-frons-retinal in the presence of the uaddative 
(NAO^/NAiiP") or reductive (NaDH/NaOPH) cofactors, re- 
spectively . The reaction products were extracted and analysed 
by revurse-j. base HPLC. In the oxidative direction, a maximum 
of only anon 10% of substrate conversion was observed over a 
wide range of protein cnncentrationt> (up to 230 *tg) (data not 
shown). Ho ./ever, when RalRl was analysed in the reductive 
direction, n ore than 90% of alW/aAa-retinHl wg* converted to 
all-frcns-re, inol in the presence of NaDPH (Fig. 4A). The Mime 
amount (m cro grama) of homogenate obtained from control 
cell* infectb. ( with wild-type virus produced at least 10-fold less 
all-rra/wf-re. mol (Pig 4#) This result indicated that the ob- 
served retu.al reductase activity wa» associated with RalRl. 
Percent cm. version was generally lower m the presence of 
NADH for l oth RalRl- and wild-type wu^ infrrt.ed ceUs (Fig. 
4, C and D, 

To deten ane whether retinal reductase activity ooiocalifced 
won RalRl protein in the microsomal fraction of the homoge- 
nate, we d* usrmined the activity of the subcellular fractions 
isolated fn- .n RalRl-expressing Sf9 cells. Similar to RalRl 
protein disi nbution, over 90% of the retinal reductase was 
recovered w ith the microsome* (data not ohown). No activity 
was detect* 4 in the microsomal fraction of Sf9 cells infected 
with wild-t> pe virus, indicating that the low background activ- 
ity observe. t with Sf9 cell homogenate in the pxosence of 
NADP' (Fi.f- 4) v»to du« xo the cytosoUc enzymes, as deter- 
mined by n irmal-phase HPLC analysis, the major product of 
all -trans-re: inal reducuon catalyzed by microsomal RalRl was 
alUroas-re. inol, although small amounts of 13<« idamers of 
retinol and .canal were recovered as well (Fig. Sa). Isomenza- 
tion of reti ioids during extracnon procedures was also ob- 
served by oi her investigators (10, 30). Therefore, the reaction 
products w* re quantified by summing the areas of both peaks. 

The next que&tion was whether RalRl exhibited specificity 
for aU-rron. -retinal or whether it was also active toward cis- 
retioals- Ki netic analysis of the same preparation of microso- 
mal RalRl revealed that the ensyme recognised 9-cio-retinal 
and l3-cis-i.:tinal as substrates with aSuuty sinuW u> that for 
all^ro/to-re imd iK m valuer of 0.19-0.G2 ^m) (Table 1). How- 
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FiG 4. Revcrsc-phuec HPLC oxuuyifi* uf the reductive activity 
of RniRI toward aU-rran*-reuniO. Homogcimies (250 ^ per rtw> 
iion) of SfB ce)U infected with RiOTil OA a»nd CI) or »«ild-typ*- W-aJovn-u* 
10 au4 Z» were incubated with 1 ^ aU-^rw-rotin*l in the presence of 
1 jam NADFH (A and. £) or 1 him. NaDB (C and Z» for 30 mm at 37 "C. 
The reactions were terminated by \h* addition of an equnl volume of 
cold ethanol Supplemented with 100 H gfm) buiyJated b^droxytoluvruu. 
Retinoids were extracted asms &oud-pha*e extraction un a Water* 
Scp-F&k C18 column as described before C27) and reconstituted into 200 
*J of mobile yhap ^ wcetomtrde- water- auwnoomm acetate (87.5.2.5:10.0, 
v/v). Teo*oucr«aier aUqunia were analyzed by revcrae-nha^e fciPLC 
u^j^^m Waters Symmetry eolkinmU 6 x 150 mm) The flow rate 
vvul ml/rout Under these coAdraaoB, eiUra/w -retinol and al)-*nww- 
rutinaldeh^dc elated at 7 7 aud 9 5 iwia, respectively 

ever, the reaction rate with civ-retinal* wa* ^varalfoUi lowur 
than with au-rrtm&-retiual (Tabi« I). Thus, Ralftt was most 
erncient as an aU-fro/u-reuaal reductase. In addition, the uti- 
lization ratio of RalRl in the reductive direction wa*> about 
50-fold higher than in the ooodatw* direction with ail-trans- 
retinol a& oubsiraia (Table i and Fig. 3C). The preference of 
RalRl far the reductive direction was consistent with the ap- 
parent K m values for cof actor The enzyme exhibited a -3000- 
fold lower K m value far NAPPH, the pred ominan t reductive 
cof actor m the ceils, than for NaD"\ the major oxidative cofac- 
tor (Table II). 

Having established that BaiRl was most efficient as an 
altam/wretinal reductase, we determined if RalRl could func- 
tion in the presence of cellular retinal binding protein, which 
wae previously shown to completely sequester retinol and ret- 
inal from nonspecific enzyme* (10, 28, 31;. U was *uggu«te4 
that the microsomal retinal reductase activity previously de- 
scribed in the rat small intestine was important for retinoid 
metabolism, because, in contrast to the retinal reductase activ- 
ity present in the cytosol, the microsomal activity reduced 
retinal in the presence of a 20% molar excess of CRBFH (10). 
The expression of CRBPII u> restricted to the email intestine 
Other tissues, including the prostate (32, 33), contain a differ- 
ant binding protein, CRBP type I, which hinds aU-rmna-retinal 
and aU-rmos-rettnol with even higher affinity than CRBPK (K^ 
values of 50 and <lu hm, respectively, compared with —100 nM 
for CRBPII) (reviewed in Bef. 34). To determine whether RalHl 
wan capable of reducing aU-rro/w -retinal in the presence of 
CRBPI, we birated the reaction mixture with an increasing 
amount of the binding protein. As can be seen in Fig. 6, the 
addition of a 2.5-fold excess of CRBPI to the reaction mixture 
resulted in a decrease of — 6.3-mld in th*» rate of retinal reduc- 
tion, Irani 8 5 nmOl/miA ^ at 1 ^ aU-tron*- retinal down to 
1.3 nmolAnin * m&. However, further increases in the amount 
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Fig. 5. No .mal-phatic flPLC ciiranxato^ram of retinoids pro- 
duced by hulfLl in the reductive and oxidative direction. A, 
reduction of . .25 ulWrootf-retmol toalWraAii-retinolcaWl^fccd! by 10 
fig uf RalB: •containunf $f$ microsome* in the presence uf 1 mM 
NaDPK. AU rraTi* -retinal partially urf>nurict:d into 13-ru^rennal dur- 
ing manipuJ..uom» B, th* "minun oof actor control*' for the reductive 
direction. C, oxidation of 10 nM ail-rroa» -retinol to ail-fro /oo-rennal 
cazajy^edby 5 ^ of KalHl-contaiinng Sf3 microsome* in tne prBsence 
of 1 mM NA1-P T 

of added CI. BPI had little effect on RalRl activity. The reaction 
rate reman ed constant with up to a 10-fold molar excess of 
CRBPI relative to the retinal concentration (Fig. 6). TKb result 
indicated U.at RalRl reduced retinal in the presence of a wide 
range of CI: BPI concentrations. 

Beeauo* everai rethioid-metabcOmng members of the SDR 
superfamil; were shown to recognize 3a* and 170-hydroxy and 
ketc«>teroid aa &uheitrate2> (24. 27, 35, 36), wts tested whether 
RalHl was . Jso active toward steroids. Steroid compounds were 
used at a - concentration m the presence of either 1 mM 
NAD-VNAl.P' or 1 nu4 NaDH/NaDPH. The reaction products 
were extra* ced and analyzed by TLC using a Phosphorlmager. 
The o Y i dati ^e reqnol/st^ol dehydrogenases characterized pre- 
viously in our laboratory (24, 27) served as positive cantroU for 
steroid oxicoreductaae activity. RalRl did not possess any sig- 
nificant aevtrity toward oxidation or reduction of the functional 
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Ta*l* I 

Kltitiw contaurws for neunoul bubv.aufjs 
Kinetic constant* for ifas reducnon of retinal* were determined in the presence of murAtuig NADPH (0.5 nM). Kinetic conManl* for the 
coodsrian of aU-xrona-rstinol were deternuned at saturating NaDP -1 " (1 &M) (Experiment a Proetfturva). Kinetic cOn8U»nu> shown m th« tdblc were 
determined u*ing the same preparauon of microsome* containing RaifU and eal^uj .ted uS4»£ GraFrt (Enihacu & Software Ud> and cjwprtwd 
as the roeana -SQ Similar con^tanto were opwn«d using three independent prepar,. uoos of microsomal RaIR 1 . 
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Apparent K M vftlwea Gar conusor? 
Hie apparent ^ values for NaOPH and NADH were determined 
witn aaioianns all-rmns-ieiinal (5 ^m). The apparent values for 
NADP' and NATr wm determined wuh saturaung ah-mm^retmul 
CIS ^ ("Experimental Procedure*") 
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Fjc 6 AtuUytfia of RalRl activity towani aU-rj-a^-rctinal in 
the presence of C&0PJ. All-irons-rermal was used at a concentration 
of 1 fAiL. CftBPi conocntraaon varied from 0.S to 10 ^m. The amount of 
microsome* in eacti O 5-ml reaction wa* 2 M g The rebuk 4mwn is 
representative of at least three i n dep en de n t eamemaents. 

hydroxyl or ketone group* in positions 3, 17, or 20, relative to 
the background activity of Sf9 cells infected with wild-type 
virus (.data not shown). Thus, RalRl appeared to he specule for 
retinoids and was mo&t efficient a* an NADPH -de pendent ret- 
inal reductase. 

DISCUSSION 

In th« pr&b«nt study wn have established chat the protein 
encoded by the recently discovered human gene originally 
tunne d PSDRJ for prostate ehort-chtun dehydrogenase/reduc- 
tase encodes a novel microsomal enzyme with retinal reductase 
activity. Accordingly, we changed the designation of PSUJM 
gene and protein to RciURl for retinal reductase 1. RalRl shares 
le**> than 30% overall sequence identity with other member* of 
the SDR aupeiianiily, including the recently characterued ail- 
rrons-retinal reductase retinal SDRl (37) and the NADP^-de- 
pendent photoreceplw-speciric all-f*am>-retinol dehydrogenase 
photoreceptor retonol dehydrogenase (38). Analysis of the pri- 
mary structure of RalRl based on algorithms for secondary 
structure prediction (39. 40) suggests that RalRl is a mem- 
brane protein anchored by a single hydrophobic N-terrninal 
segment (amino acids 1-23) with the majority of the polypep- 
tide chain localized on the cyTuSolic side of the membrane This 
model is supported by the experimental data obtained in the 
present study. First of all, as established by cell frac tion a tion 



and immuo . 'localization studies, RalRl is associated with the 
ER membra oes. Second, the &ubunit molecular weight of RalRl 
does not ch mge after incubation with microcornea, indicating 
that the Eh targeting signal in BaiRl U not cleaved. Finally, 
RalRl is n* c glycosylated at the putative AMinfred glycohyia- 
tUm motik -t A*n ir * and Asn-^. Because glycosyiation occurs 
exclusively ,o the lumen of to* ER, lack of glyco*ylation sug- 
gests that J.alRl faces the cyxosohc side of the £R membrane. 

The cyto&.aic orientation of RalRl in the £R membrane sug- 
gests thai 1. 1 intact celh> the enzyme will function as a reduc- 
tase. RaIR] exhibits at least an 800-fola lower K m values for 
NADP" anu NADPH than for NAD " and NADH a* cofactor*. 
In the cyto ol of liver and, presumably, other cell*, NADP ' 
exists maim / in the reduced form (41). Therefore, en2yme& that 
prefer NADi ai " are likely to function in the reductive direction 
in vivo. 

Characte. ization of RalRl enzymatic properties revealed 
that the en yme recognizes retinoid* but not steroids as sub- 
strates and is particularly efficient as an ail-*ravw-retinalde- 
hyde reduci 4*e Retinoids are highly hydrophobic and chemi- 
cally labile ompoundB that axe *olubih*ed and protected from 
unwanted i inversions by specific binding prot*um» inside th«* 
cells and u> blood plasma (reviewed in Ref. 34). All-rm/i*-- 
retinal bint* 4 to cyto&olic CRBPI, which it» expressed in many 
different ty.^s of cells but the level* of CRBPI expression may 
vary (32). \»o»t likely, the enzymes involved in retinoid inetab- 
uhsm have to ninction m the presence of some amount of 
CRBPtlnt- resungly, not all en^ymi* that tire active with free 
retinal can aetaboUze retinol m the prebence of CRBPI. It was 
shown chat CRBPI sequesters all-rrav^-retinol from acyl CoA. 
retinol acyl-ransferase (29, 31, 42, 43) and from human cyto- 
soiic aicohci dehydrogenase class IV (28), enzymes that are 
active with free retinol On the other hand, retinal reductase 
activity in i-be rat intestine reduced aU-rrons-retinal in the 
presence of . 1 20% molar excia*, of CRBPII ( 10) and the cytosolic 
rat retinal dehydrogenase type 2 aadtfed retinal in the pres- 
ence of a 2-:bld molar excess of CRBPI (3). 

The ratio of CRRPI m reunaldVhyde in the human prostate 
gland is no; known. Kato et at. (32) reported that rat prostate 
contains an -8- told lower amount of CR3P than rat bver (5 2 
L«rs«a 40.0 ^g of wet weight). This translates into -0.3 ^im 
CRBP in r .t prostate (molecular weight 14,600). The molar 
ratio of CR iP to retinal might vary, depending on the tissue 
supply of JB carotene and the rate of retinol oxidation to reti- 
naldehyde, tnerefore, we investigated the effect of CRBPI on 
RalRl actn ity at a constant concentration of retinal over a 
wide range .if CRBPI concentrations. Our results showed that 
RalRl exhiJ .its a relatively high rate (1.3 nrool/min x mg) of 
retinal redi.rtmn even at a 10-fbid molar exce** of CRBPI over 
1 mm retire I concentration. Thus, HalRl can produce retinol 
from retina. dehyde in the presence of varied physiological hrv- 
elsof CRBi 1 

Re tin oic jdd plays an important role in the prostate aa an 
activating I -gaud for retinoic acid receptor 7, which is required 
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for xhe normal differentiation of pro state epithelium (44). Ac- 
cordingly, cho prostate giand contains retinol dehydrogenase 
activity associated wnn tha microsomes and retinal dehydro- 
gtsrUbe activity in the eyrosol that catalyze the formation of 
retwcuc acid (45) Furthermore, a recent report demonstrated 
that prostate cells are capable of converting 0-varotaoa to ret- 
inol, suggesting that these cells possess /3-carotene dioxygenase 
and retinal reductase activities (22) While* our manuscript was 
under revision, the presence of p-carotene dioxygena** (/Car- 
otene l5A5'-monoox>gen44^) mKNA in human prostate was 
directly demonstrated in a study by LmdqvUt and Aa4yr&*oo 
(46), providing further support for colocaU*&tion of ^-carotene 
lUo^ygBnase and reunal reductase. 

Under normal cm: instances, the intracellular JeveU of ret- 
inoic acid in tia*-ue* are ughtly controlled- The molecular mech* 
amsms responsible for xiu* regulation aw not yet fully unaer* 
»>tppd but appear to function at several level* of reonoic acid 
metabolism: biosynthesis, degradation, and storage. Aberra- 
tions in retinoid signaling are early events in carcinogenesis, 
and vitamin A deficiency has been associated w;tn a higher 
incidence of cancer (reviewed in Eef 47). It has been demon- 
strated that the lovolo of reUwwv ovkI aiv fiv^i to <ugnt tuna* 
lower an human prostate cancer than in normal prostate cells 
(4^). Supplementation of the diet with ^-carotene appears to 
decrease the risk of developing prostate cancer (48), and it was 
lihown thai ^-carotene inhibits the growth of prostate cancer 
eel]* ** ultra (22). 

From a metabolic point of view, retinal produced from ^car- 
otene in the prostate or any other peripheral tissue may be 
either oxidized to bloacuve retinoic acid by cyto&otu.- aldehyde 
dehydrogena*t!2> or it may be reduced to retinol, which can then 
be esterified for otorage IS). Hence, retinal is positioned at the 
crossroads of two opposite metabolic proceai**: activation and 
inactivatinu of retinoids. Hie tare of the cellular retinal would 
depend on the activities and expret&wn level* of local aldehyde 
dehydrogenases and retinal re4ucta*»e* that compete for the 
same all-trn/u-retinaj substrate. Therefore, changes in the ex- 
pression level of RalSU could perturb retinoid homeostasis and 
alter the intracellular retinoic acid ronoentrationa, leading to 
abnormal differentiation of prostate epithelium. 

Besides prostate, BalfU appears to be expressed at lower 
levels in a number of different human tissues, una tiding the 
small intestine (23), where it could play a role in retinoid 
metabolism Identification and characterization of retinal re- 
ductases in human tissues will provide a better understanding 
of the control mechanisms responsible for the regulation of 
intracellular retinoic acia concentrations. 

AtfaiO*vleQ$fnem — We thank Larry Tm« for ahbiatancfc with immq- 
Pfljnatodiwniatiy, und we thank Robert Veaadla and the Department of 
Urology at the University of Washington fox providing prostate tissues 
We are graceful to Dr Kmil Popov for a critical reading of the 
mannaenpt 
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PF1! 0 Prot sequence editseq.pro 
PSD} 1 Prot: sequence editseq.PRO 

PFli 0 Prot sequence editseq.pro 
PSDI1 Prot sequence editseq.PRO 

PF1* 0 Prot sequence editseq.pro 
PSDI 1 Prot sequence editseq.PRO 

PF1L0 Prot sequence editseq.pro 
PSDM Prot sequence editseq.PRO 

PFl! 0 Prot sequence editseq.pro 
PSDI 1 Prot sequence editseq.PRO 

PF150 Prot sequence editseq,pro 
PSDM Prot sequence editseq.PRO 

PFli.O Prot sequence editseq.pro 
PSDM Prot sequence editseq.PRO 

PFI! 0 Prot sequence editseq.pro 
PSDI 1 Prot sequence editseq.PRO 



Decoration 'Decoration #1 • : Shade (with solid bi.ack) residues that 
match PF150 Prot sequence editseq.pro exactly. 
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